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[BoUetiii  No.  «2.] 


The  pobliefttionsof  the  United  States  Ge<dogioal  Survey  are  iasaed  in  aooordanoe  with  the  statute 
H»proTed  March  3, 1979,  which  dedlaree  that — 

"ThepablicatioDsof  the  Geological  Survey  shall  consist  of  the  annnal  report  of  operations,  geoloKloal 
and  economic  maps  illustrating  the  resonroea  and  olassiflcatien  of  the  lands,  and  reports  upon  general 
aodeoainomic  gealogy  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
•hall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  laid  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  bat  other- 
wiae  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  soientiAo  exchanges 
and  for  sale  at  the  price  of  pnblicatiou ;  and  all  literary  and  cartographic  materials  received  in  exchange 
tssll  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization :  And  the 
oMmey  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
Stated." 

On  July  7, 1882,  the  following  joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress: 

''That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  eaeh  case  stated,  the  *  usual  number'  (1,900)  of  copies  for  binding  and 
ilistribution  among  those  entitled  to  receive  them." 

Except  in  those  eases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  reeolntion  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
BO  coplea  fcfr  gjatnltous  distribution. 

ANNUAL  KBPORTS. 

L  Fhst  Annnal  Beport  of  the  United  States  G^logical  Survey,  by  Clarence  King.  880.  8^.  79  pp. 
1  Bap.~A  preliminary  report  describing  plan  of  organization  and  pablioations. 

n.  Second  Annual  Beport  of  the  United  States  Geological  Survey,  1880-'81,  by  J.  W.  Powell.  1882. 
•0.  Iv,  568  pp.    62  pi.    Imap. 

IIL  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'82,  by  J.  W.  Powell.  1883. 
9P,   xviii,  564  pp.    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-*83,  by  J.  W.  Powell.  1884. 
S^.   xxxii,  473  pp.    85  pL  and  maps. 

7.  Fifth  Annual  Beport  of  the  United  States  Geological  Survey,  188»-*84,  by  J.  W.  Powell.  1885. 
P.   xxxvi,4e0pp.    58  pi.  and  maps. 

TL  Sixth  Annual  Beport  of  the  United  States  Geological  Survey,  1884-'85,  by  J.  W.  Powell.  1885. 
9^.   xxix,  570  pp.    65  pi.  and  maps. 

TIL  Seventh  Annual  Report  of  the  United  Stotes  Geological  Survey,  1885-'86,  by  J.  W.  Powell.  1888. 
1°.   XX,  666  pp.    71  pL  and  maps. 

Vm.  Eighth  Annual  Report  of  the  United  States  Geological  Survey,  1886-'87,  by  J.  W.  Powell.  1889. 
9^.   2  V.    zix,  474,  xii  pp.    53  pi.  and  majw ;  1  p.  1.  i75-1068  pp.    54-76  pi.  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  States  Geological  Survey,  1887-'88,  by  J.  W.  Powell.  1800. 
tP.   xiii,717pp.    88  pL  and  maps. 

The  Tenth  Annual  Report  is  in  press. 

MONOGRAPHS. 

L  Lake  Bennerille,  by  Grove  Karl  GUbert    1880.    4P.    xx,  438  pp.    51  pL    1  map.    Price  $1.50. 

IL  Tertiary  History  of  the  Grand  Cafton  District,  with  atlas,  by  Clarence  E.  Dutton,  Capt.  U.  S.  A. 
1^2.  40.    xiv,264pp.    42  pL  and  atlas  of  24  sheets  foUo.    Price  $10. 12. 

in.  Geology  of  the  Comstook  Lode  uid  the  Washoe  District,  with  atlas,  by  George  F.  Becker.  1 882. 
4».  XV,  422  pp.    7  pL  and  athis  of  21  sheets  folio.    Price  $11.00. 

IT.  Comstook  Mining  and  Miners,  by  EUot  Lord.    1883.    4o.    xiv,  451pp.    3  pi.    Price  $1.50. 

T.  The  Copper-Bearing  Rocks  of  Lake  Superior,  by  Roland  Dner  Irving.  1883.  4«>.  xvi,  464  pp. 
ISL   29  pL  and  maps.    Price  $1.85. 

TL  Contribntlons  to  the  Knowledge  of  the  Older  Mesozoio  Flora  of  Virginia,  by  WiUUm  Morris 
Fontahie.    1883.    4o.    xi,144pp.    541.    54  pi.    Price  $1.05. 
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Yn.  SUT«r-Lead  Dei>08it8  of  Enreka,  Nevada,  bj  Joseph  Story  CartiB.  1884.  4°.  ziii,  200  pp.  16 
pi.    Price  $1.20. 

Vm.  Paleontology  of  the  Eureka  District,  by  Charles  Doolittle  Waloott.  1884.  4°.  xiii,  298  pp. 
241.    24  pi.    Price  $1.10. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey 
by  Robert  P.  Whitfield.    1885.    4°.    xx,  338  pp.    35  pL    1  map.    Price  $1.16. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Cbaries  Marsh. 
1886.    40.    xviii248pp.    561.    56  pk    Price  $2.70. 

XI.  Greological  History  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern  Nevada,  by  Israel 
CookRusseU.    1885.    40.    xly,288pp.    46  pi.  and  maps.    Price  $1.75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  atlas,  by  Samuel  Franklin  Emmons. 
1886.    40.    xxix,  770  pp.    45  pi.  and  atlas  of  35  sheets  foUo.    Price  $8.40. 

Xm.  Geology  of  the  Quicksilver  Deposits  ot  the  Pacific  Slope,  with  atlas,  by  G<H)rge  P.  Becker. 
1888.    4<>.    xix.  486  pp.    7  pL  and  atlas  of  14  sheets  folio.    Price  $2.00. 

Xiy.  Fossil  Fishes  an<l  Fossil  Plants  of  the  Triassic  Rocks  of  Xcw  Jersey  and  the  Conneoticat  Val- 
ley, by  John  S.  Newberry.    1888.    40.    xiv.  152  pp.    26  pi.    Price  $1.00. 

XV.  The  Potomac  or  Younger  Menozoic  Flora,  by  William  Morris  Fontaine.  1889.  i^.  xiv,  377 
pp.    180  pi.    Text  anil  plates  bound  separately.    Price  $2.50. 

XVI.  The  Paleozoic  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  4°.  340  pp.  53  pL 
Price  $1.00. 

In  preparation : 

—  Gasteropoda  of  the  New  Jersey  Cretaceous  and  Eocene  Marls,  by  R.  P.  Whitfield. 

—  The  Penokee  Iron-Bearing  Series  of  Northern.  Wisoonsin  and  Michigan,  by  Roland  D.  Irving  and 
C.  R  Van  Hise. 

-^  Mbllusca  and  Crustacea  of  the  Miocene  Forq^ations  of  New  Jersey,  by  R.  P.  Whitfield. 

—  Description  of  New  Fossil  Plants  from  the  Dakota  Group,  by  Leo  Lesqnereux. 

—  Geology  of  the  Eureka  Mining  District,  Nevada,  with  atlas,  by  Arnold  Hague. 

—  Sauropoda,  by  O.  C.  Marsh. 

—  Stegoeaoria,  by  O.  C.  Marsh. 

—  Brontotheridffi,  by  O.  C.  Marsh. 

—  Report  on  th^  Denver  Coal  Basin,  by  S.  F.  Emmons. 

—  Report  on  Silver  Cliif  and  Ten-Mile  Mining  Districts,  Colorado,  by  S.  F.  EmmoDB. 

—  Flora  of  the  Dakota  Group,  by  J.  S.  Newberry. 

—  The  Glacial  Lake  Agassiz,  by  Warren  Upbam. 

—  Geology  of  the  Potomac  Formation  in  Virginia,  by  W.  M.  Fontaine. 

BULLETINS. 

1.  On  Hypersthene^Andesito  and  on  Triclinic  Pyroxene  in  Augitio  Rocks,  by  Whitman  Cross,  with  a 
GeologicalSketohofButraloPeak8,Colorado,  by  S.  F.Emmons.    1883.   80.   42pp.  2 pi.    Price  10 cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  eto.,  com* 
puted  by  Albert  Williams,  jr.     1888.    8°.    8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76^  30',  from  Tompkins  County 
N.Y.,  to  Bradford  County,  Pa.,  by  Henry  S.  Williams.    1884.    8°.    36  pp.    Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.    1884.    Bf^.    36  pp.  9  pi.    Price  5  cents. 

5.  A  Dictionary  of  AltitiidoH  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  80.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8^^.    43  pp.    Price  5  cents. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jnlea  Marcou  and  John  Belknap  Marcou.  1884. 
80.    184  pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and  C.  R. 
Van  Hise.    1884.    8°.    56  pp.    6  pi.    Price  10  cents. 

9.  AReport  of  work  done  in  the  Washington  Laboratory  during  the  fiscal  year  1883-'84.  F.  W.  Clarke, 
chief  chemist.    T.  M.  Chatard,  assistant  chemist.    1884.    8<>.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  Doolittle  Waloott. 
1884.    S^.    74  pp.    10  pi.    Price5cenU. 

11 .  On  the  Quatomary  and  Recent  Mollusca  of  the  Great  Basin ;  with  Descriptions  of  New  Forms,  by 
R.  Ellsworth  CaU.  Introduced  by  a  sketoh  of  the  Quatomary  Lakes  of  the  Great  Basin,  by  G.  K. 
Gilbert    1884.    8°.    66  pp.    6  pi.    Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thinolito  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  9P. 
34  pp.    3  pi.  .Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  with  a  Historical 
Sketoh  of  the  Territorial  Changes,  by  Henry  Gannett.    1885.    8°.    135  pp.    Price  10  cento. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carbnrots,  by  Carl  Bams  and  Vincent 
Stroohal.    1885.    8^.    238  pp.    Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoio  Paleontology  of  California,  by  Charles  A.  White.  1885.  80, 
33  pp.    Price  5  cent..  Digitized  by  L-OOglC 
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16.  On  th«  High«r  DevoiiiAa  Fmiium  of  Ontario  Goimty,  New  York,  by  John  H.  Olarke.  1885.  8^. 
88pp.    ZpL    PrieeSeents. 

17.  Ob  Um  DeTelopm«nt  of  CrysUllixation  in  the  Igneoan  Rooks  of  Washoe,  Nevada,  with  Notea  on 
the  Q^cHBgy  of  the  District,  by  Amold  Ha^e  and  Joseph  P.  Iddings.    1885.    8<>.   44  pp.    Price  5  cents. 

18.  On  Marine  Eocene,  Fresh-water  Miocene,  and  other  Fossil  MoUusca  of  Western  North  America, 
by  Cbariea  A.  White.    1885.    8^.    26  pp.    3  pi.    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  Oeorge  F.  Becker.    1885.    8<^.    28  pp.    Price  5  cents. 
30.  ContribotioBS  to  the  Mineralo^  of  the  Hocky  Mountains,  by  Whitman  Cross  and  W.  F.  HiUe- 

brand.    1885.    8o.    114  pp.    1  pi.    Price  10  cents. 

21.  The  Lignites  of  the  Oreat  Sioux  Reservation.  A  Report  on  the  Region  between  the  Grand  and  Mo- 
rean  Rivera,  Dakota,  by  BaOey  Willis.    1885.    89.    16  pp.    5  pi.    Price  5  cents. 

2t.  On  Hew  Cretaoeoos  FoniU  fh>m  California,  by  Charles  A.  White.  1885.  »^.  25  pp.  5  pL  Price 
Seeota. 

23.  Obaarvations  on  the  Junction  between  the  Sastem  Sandstone  and  the  Keweenaw  Series  on 
Keweenaw  Point,  Lake  Snperiw,  by  R.  D.  Irving  and  T.  C.  Ghamberlin.  1885.  8^.  124  pp.  17  pL 
Priee  15  cents. 

24.  List  of  Marine  MoUnsca,  comprising  the  Quaternary  Fossils  and  recent  forms  {torn  American 
Loealitiea  between  Cape  Hatteras  and  Cape  Roque.  including  the  Bermudas,  by  William  Healey  DalL 
U85.    9P,    838  pp.    Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineaa  Barnes. 
IB8S.    HP.  86  pp.  Price  10  cents. 

98.  Copper  Smelting,  by  Henry  M.  Howe.    1885.    8o.    107  pp.     Price  10  cents. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
1884-*85.    1886.    8^.    80  pp.    Price  10  cents. 

28.  The  Oabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore  Md. 
by  George  Huntington  Williams.    1888.    8^.    78  pp.    4  pi.    Price  10  cents. 

29.  On  the  Fresh-water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
9P.    41pp.    4pL    Price  5  cents. 

90.  Second  Contribution  to  the  Stadias  on  the  Cambrian  Faunas  of  North  America,  by  Charles  Doo- 
llttle  Waloott.    1886.    8^.    869  pp.    33  pi.    Price  25  cents. 

81.  Systematie  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and  Arach- 
nida.  by  Samuel  Hubbard  Scudder.    1886.    8^.    128  pp.    Price  15  cents. 

92.  Liats  and  Analyses  of  the  Mineral  Springs  of  the  United  States ;  a  Preliminary  Study,  by  Albert 
C.Peala.    1886.    8o.    235  pp.    Price  20  cents. 

8S.  Notes  on  the  Geology  of  Northern  California,  by  J.  S.  Diller.    1886.    8°.    23  pp.    Price  5  cents. 

94.  On  the  relation  of  the  Laramie  MoUnscan  Fauna  to  that  of  the  sncceedtng  Fresh-water  Eocene 
and  other  groups,  by  Charies  A.  White.    1886.    SP.    54  pp.    5  pi.    Price  10  oeuts. 

35.  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Yincent  Strouhal.  1886.  8^.  62 
pp.    Price  10  cents. 

98.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.    1886.    8^.    58  pp.    Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.    1887.    8^^.    354  pp.    57  pi.    Price  25  cents. 

98.  Petidotiteof  Elliott  County,  Kentucky,  by  J.  S.  Diller.    1887.    SP.    31  pp.    1  pi.    Price  5  cents. 

89.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Upham.  1887.  8°.  84 
pp.    IpL    Prioe  10  cents. 

40.  Changes  iaUver  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  Willis.  1887.  8°. 
10  pp.    4  pL    Price  5  cents. 

4L  On  the  Fossil  Faunas  of  the  Upper  Devonian —the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.    1887.    9>,    121pp.    4pL    Price  15  cents. 

42.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
188fr-'86.    F.W.Clarke,  chief  chemist.    1887.    8^.    152  pp.    1  pL    Price  15  cents. 

43.  Tertiary  and  Cretaceoua  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by  Eugene 
A.  Smith  and  Lawrence  C.  Johnson.    1887.    8^.    189  pp.    21  pi.    Price  15  cents. 

44.  Bibliography  of  North  American  G^logy  for  1886,  by  Nelson  H.  Darton.  1887.  8^.  35  pp. 
Price  5  cents. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  HilL  1887.  8^.  94 
pp.    Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phospha^  of  Lime,  by  R.  A.  F.  Penrose,  jr.,  with  an  Introduc- 
tion by  N.  S.  Shaler.    1888.    9P,    143  pp.    Price  15  cents. 

17.  Analyses  of  Waters  of  the  Yellowstone  National  Park,  with  an  Account  of  the  Methods  of  Anal- 
lyis  employed,  by  Frank  Austin  Gooch  and  James  Edward  Whitfield.     1888.    8''.    84  pp.    Price  10 


48.  On  the  Form  and  Position  of  the  Sea  Level,  by  Robert  Simpson  Woodward.    1888.    8^.    88  pp. 
Price  10  cents. 

49.  Latitudss  and  Longitudes  of  Certain  Points  iu  Missouri,  Kansas,  and  New  Mexico,  by  Robert 
ShnpsoB  Woodward.    1880.    9^.    133  pp.    Price  15  cents. 

50.  F<nTOulasand  Tables  to  facilitate  the  Construction  and  Uso  of  Maps,  by  Robert  Simnson  Wood- 
waH.   1^.    8P.    194  pp.    Price  15  cents. 
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IV  ADVERTISEMENT. 

51.  On  Invertebimte  FomUi  from  the  Paoiflc  CoMt.  by  ChwlM  AbiAthw  White.    1880.    8o.    102  pp. 

14  pi.    Piloe  15  eenta. 

62.  SabaSrial  DeoAy  of  Bocks  and  Origin  of  the  Bed  Color  of  Certain  Formations,  by  Israel  Cook 
Bnssell.    1889.    S9.    65  pp.    SpL    Price  10  cents. 

58.  The  Geology  of  Nantaoket,  by  Kathaoiel  Southgate  Shaler.  1880.  8o.  55  pp.  10  pi.  Price  10 
cents. 

54.  On  the  Thermo-Bleotrio  ICeasnrement  of  High  Temperatores,  by  Carl  Bams.  1880.  9P,  313  pp. 
inoL  1  pL    11  pL    Price  25  cents. 

66.  Beport  of  work  done  in  the  Division  of  Chemistry  and  Physios,  mainly  daring  the  fiscal  year 
]888-'87.    Frank  Wigglesworth  Clarke,  chief  chemist    1880.    8°.    06  pp.    Prioe  10  cents. 

56.  Fossil  Wood  and  Lignite  of  the  Potomac  Formation,  by  Frank  Hall  Knowlton.  1880.  8P,  72  pp. 
7  pL    Price  10  cents. 

57.  ▲  Geological  Beoonnaissanoe  in  Sonth western  Kansas,  by  Bobert  Hay.  1800.  9f>.  40  pp.  2  pL 
Price  5  cents. 

58.  The  Glacial  Boundary  in  Western  Pennsylvania,  Ohio,  Kentucky,  Indiana,  and  Illinois,  by  George 
Frederick  Wright,  with  an  introduction  by  Thomas  Chiowder  Chamberlln.  1890.  8o.  112  pp.  IncL 
1  pL    8  pi.    Price  15  cents. 

50.  The  Gabbros  and  Associated  Bocks  in  Delaware,  by  Frederick  D.  Chester.  1890.  8P.  46  pp. 
1  pi.    Price  10  cents. 

60.  Beport  of  work  done  in  the  Diyision  of  Chemistry  and  Physios,  mainly  during  the  fiscal  year 
1887-'88.    F.W.Clarke,  chief  chemist.    1800.    8°.    174  pp.    Price  16  cents. 

61.  Contributions  to  the  Mineralogy  of  the  Paciiio  Coast,  by  William  Harlow  Melville  and  Waldemar 
Lindgren.    1800.    99.   40  pp.   8  pi.    Price  6  cents. 

62.  The  Greenstone  Schist  Areas  of  the  Menominee  and  Marquette  Begions  of  Michigan ;  a  contri> 
button  to  the  snl^ect  of  dynamic  metamorphism  in  emptf  ve  rooks,  by  C^rge  Huntington  Williams; 
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LETTER  OF  TRANSMITTAL. 


United  States  GBOLoaiCAL  Subvey, 

Lake  Supebioe  Division, 
Madison,  WisoonsiUy  February  10, 1888. 
Sib  :  I  have  the  honor  to  transmit  herewith,  for  publication  as  a 
bulletin  of  the  Survey,  a  paper,  by  Prof.  George  H.  Williams,  of  Balti- 
more, Maryland,  on  The  Greenstone-Schist  Areas  of  the  Marquette  and 
Menominee  Regions  of  Michigan. 

The  exact  object  and  bearing  of  the  work  thus  accomplished  by 
Prof.  Williams  I  have  set  forth  in  an  explanatory  and  historical  note 
prefixed  to  his  memoir. 

I  am,  sir,  very  respectfully,  yours, 

B.  D.  iBViNa, 
Geologist  in  Charge. 
Hom  J.  W.  Powell, 

Director  TJ.  8.  Geological  8urvey. 
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EXPLANATORY  AND  HISTORICAL  NOTE. 


By  Bolaio)  Dtteb  Ibving. 


At  qoite  a  namber  of  points  in  the  Lake  Superior  Tegion  occu^peMi- 
liar  schistose  rocks^  which  combine  with  a  prevalent  fine  grain  a  general 
tendency  to  greenish  color.  Besides  occurring  here  and  there  more  or 
less  confosedly  mingled  with  masses  of  granite  and  other  rocks,  these 
greenish  schists  occor  also  in  large  continuous  areas,  which  they  entirely 
occupy,  except  for  certain  relatively  unimportant  basic  and  acid  intru- 
sives.  Micrc^pcopic  study  has  shown  that  these  rocks  are  at  times  fully 
developed  hornblende  soloists,  and  again  glossy  kinds,  in  which  chlorite 
is  80  imp(H*tant  an  ingredient  as  to  warrant  our  calling  them  chlorite 
schists.  In  other  places  again  they  are  more  massive,  and  present  more 
or  less  distinctly  the  appearance  of  fine-grained  basic  emptives;  but 
the  bulk  of  these  areas  is  composed  of  nondescript  fine-grained  green- 
ish schists,  which  appear  to  grade  into  the  more  massive  greenstone-like 
forms  on  the  one  hand,  and  into  the  more  distinctly  developed  chloritic 
and  homblendic  schists  on  the  other.  As  a  rule  these  various  schists 
present  no  parallel  structure  other  than  that  which  seems  referable 
directly  to  secondary  causes ;  that  is  to  say,  they  do  not  present  such 
banded  varieties  as  would  suggest  the  action  of  sedimentation  during 
their  production.  However,  such  banded  varieties  do  occur  in  subordi- 
nate quafltity,  presenting  then  very  strikingly  regular,  rapid  alterna- 
tions of  light  and  dark  bands. 

Again,  here  and  there  in  these  peculiar  areas,  in  some  places  with  a 
very  considerable  development,  there  occur  kinds  which  present  a  more 
or  less  obscure  fragmental  appearance,  this  appearance  being  generally 
&r  more  pronounced  on  a  weathered  surface  than  on  a  fresh  one,  on 
which  latter  the  matrix  and  the  parent  fragments  are  apt  to  look  much 
like  one  another,  either  from  original  similarity  in  character  or  from 
having  undergone  alterations  which  have  led  both  fragments  and 
matrix,  originally  different,  to  similar  results.  At  times  there  is  a  co- 
incidence of  occurrence  between  the  banding  above  referred  to  and  the 
appei^ance  of  the  pebble-bearing  forms,  but  so  far  as  my  experience 
goes  this  is  very  commonly  not  the  case,  the  fragmental  phases  being 
without  any  parallel  structure  other  than  the  general  secondary  cleav- 
age, which  all  of  these  rocks  present,  the  apparent  pebbles  occurring 

more  commonly  in  tumultuous  assemblages  of  masses  of  all  sizes. 
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12  GREENSTONE  SCHIST  AREAS  OF  MICHIGAN.  [bull.  OS. 

As  prominent  illostrations  of  sacli  green  schist  areas,  tbere  may  be 
mentioned  that  which  rnns  directly  westward  from  the  shore  of  Lake 
Superior  at  Marqnette,  Michigan,  for  a  distance  ofj  some  twenty  miles, 
with  a  width  ranging  from  two  to  six  miles  ;^  those  which  occur  in  the 
Menominee  Valley,  on  the  bonndary  between  Wisconsin  and  Michigan ;  • 
that  of  the  Gogebic  country  of  western  Michigan,  in  T.  47  N.,  R.  43  W., 
and  T.  47  N".,  R.  44  W.,  where  there  is  a  very  great  development  of  the 
fragmental  phases  ^^  that  which  has  been  recently  outlined  by  Dr.  W. 
S.  Bayley  to  the  south  of  the  so-called  Mesab6  Range,  and  west  of 
the  Bmbarras  Lakes,  in  T.  59  K.,  R.  15  W.,  and  T.  59  N.,  R.  16  W., 
northern  Minnesota,  where  there  is  again  a  considerable  development 
of  the  fragmental  forms  ;^  and  that  which  lies  to  the  northward  of  the 
iron-bearing  slates  of  Vermillion  Lake,  traversing  the  island  in  the 
northern  part  of  that  lake  from  west  to  east,  and  extending  thence  east 
and  northeast,  with  an  average  width  of  from  two  to  three  miles,  tiliroagh 
townships  62,  63, 64,  and  65  K.,  of  ranges  14, 13, 12, 11, 10,  and  9  W.,  in 
northern  Minnesota,  to  the  national  bonndary  line  at  Carp  Lake,  whence 
it  extends  an  unknown  distance  into  Canada.  This  last-named  area, 
which  is  the  most  extended  continuous  one  with  which  I  am  acquainted, 
shows  prevalently  those  kinds  of  rock  which  4ack  the  fragmental  ap- 
pearance. Still,  fragmental  phases  hei^  and  there  present  themselves, 
as,  for  instance,  along  the  east  shore  of  that  island  in  Vermillion  Lake, 
which  lies  in  the  northern  part  of  Sec.  10  and  southern  part  of  Sec.  3, 
T.  62  K,  R.  16  W.  To  these  areas  may  be  added  also  several  smaller 
ones  which  lie  southward  and  southeastward  of  the  Vermillion  Lake  iron 
belt  One  of  these  areas,  lying  south  of  Sea  Gull  Lake  and  east  of 
Ogishkimanissi  Lake,  in  T,  65  ]^.,  R.  5  W.,  presents  an  extraordinary 
development  of  the  obscurely  fhigmental  or  brecciated  phase.  Finally, 
should  be  mentioned  the  large  development  of  similar  greenish  schists, 
including  also  the  fragmental  or  *^  agglomeratic  ^  phases,  which  is 
described  as  occurring  on  the  Lake  of  the  Woods  in  the  recent  report 
of  Mr.  A.  O.  Lawson,  of  the  Canadian  Survey.* 

My  first  acquaintance  with  any  of  these  green  schist  areas  was  in  the 
summer  of  1883,  when  a  number  of  days  were  spent  in  examining  the 
exposures  at  Twin  Falls,  Upper  Quinnesec  Falls  and  Lower  Quinnesec 
Falls,  on  the  Menominee  River,  the  boundary  between  Wisconsin  and 
Michigan.  The  very  handsome  detailed  maps  and  the  descriptions  of 
these  exposures  by  Maj.  T.  B.  Brooks^  had  already  been  published  and 

1  See  map  of  T.  B.  Brooks,  Geol.  Survey  Michigan,  Atlas,  PI.  Ill  t  map  by  C.  Bominger,  accompany- 
ing Geol.  Survey  Michigan,  Vol.  4, 1881 ;  PI.  I  of  the  present  volume. 

*  See  map  by  T.  B.  Brooks  and  C.  E.  Wright,  PI.  28  of  the  atlas  to  the  Geology  of  Wisconsin ;  map 
by  C.  S.  Wright.  PI.  30  of  the  same  atlas ;  map  of  the  Menominee  region,  by  C.  Bominger,  Gteol.  Sur- 
vey Michigan,  VoL  4,  1881,  PL  2. 

s  See  maps  by  R.  D.  Irving  and  C.  B.  Van  Hise,  accompanying  a  memoir  on  the  Penokee<<3k>gebio 
iron  region.  Mon.  U.  S.  Geol.  Survey,  No.  18. 

*  See  map  by  B.  D.  Irving,  PI.  XLI,  of  the  Seventh  Ann.  Bept  XT.  S.  GeoL  Survey. 

*See  Geol.  Kat.  Hist.  Survey  Canada,  Ann.  Bep.  (new  series)  Vol.  1.  1885,  pp.  41-46  oc;  also  map 
accompanying  same. 

*  Geol.  Wisconsin,  vol.  3, 1 880.  i     r^^^ir^ 
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BTBol      EARLY   IMPRESSIONS   OF   MENOMINEE   GREENSTONES.  13 

were  used  on  the  ground.  These  maps  represent  the  exposures  at  the 
seTeral  points  named  as  composed  of  a  series  of  very  regular  alterna- 
tions of  various  schistose  and  massive  rocks,  the  conclusion  being 
reached  with  regard  to  them  by  Brooks  that  they  form  in  all  a  regular 
series  of  layers  originally  of  sedimentary  origin,  the  present  lack  of  frag- 
mental  appearance  being  taken  as  the  result  of  metamorphism.  To  me 
it  seemed  at  that  time  that  the  ^gularity  of  the  alternations  was  far 
lass  than  one  would  think  to  be  the  case  from  Brooks's  maps,  and  that  all 
of  the  several  phases,  schistose  and  non-schistose,  were  rather  vari- 
ations of  one  great  m^MS  of  material,  whose  original  structure  was  mass- 
ive rather  than  schistose.  This  impression  was  gathered  from  the  way 
in  which  the  several  phases  graded  into  one  another,  and  from  the  non- 
eontinnity  in  the  direction  of  the  strike  of  the  schistose  kinds,  single 
schist  beds  displayed  on  one  side  of  the  sti*eam  being  often  absent 
where  their  continuations  should  lie  on  the  opposite  side  of  the  stream. 
The  impression  was  strengthened  by  the  lack  of  regularity  in  the  di- 
rection of  the  schist  planes,  and  by  the  striking  way  in  which  schist 
bands  inclose  vaguely  outlined  areas  of  non- schistose  massive  rocks. 
The  same  conclusion  as  to  the  inseparable  nature  of  all  of  these  rocks 
had  already  been  reached  and  published  by  Bominger,^  though  he  ap- 
pears to  have  looked  upon  the  parallel  or  schistose  structure  as  repre- 
senting an  original  condition  of  the  rocks,  all  of  which  he  seems  to 
consider  of  sedimentary  origin;  while  the  impression  made  on  me  was 
lost  the  opposite,  namely,  that  the  schistosity  is  of  a  secondary  nature, 
»idthe  original  structure  of  the  rock  a  massive  one.  In  order  to  test 
tills  question,  a  large  collection  of  specimens,  with  quite  full  notes,  was 
made  at  the  time.  In  the  next  year,  however,  before  the  thin  sections 
made  fix>m  these  specimens  could  be  examined,  the  entire  collection 
was  destroyed  by  fire,  and  my  work  in  other  directions  having 
become  pressing,  it  was  decided  to  put  the  study  of  this  question  in 
tiie  hands  of  Prof.  George  H.  Williams,  of  the  John  Hopkins  Uni- 
versity} wbose  qualifications  for  investigations  in  microscopic  petrog- 
graphy,  such  as  this  would  mainly  be,  are  well  known  to  be  of  the  first 
order.  In  the  summer  of  1885,  therefore,  Professor  Williams  made,  at 
my  request,  a  reexamination  of  all  of  these  points  in  the  Menominee 
valley,  going  into  far  greater  detail  in  the  field  study  than  any  one 
had  done  before,  and  collecting  on  a  very  large  scale.  During  the 
summer  of  1886,  Professor  Williams  was  asked  to  extend  his  field  ex- 
aminations into  the  Marquette  greenschist  area,  and  here  similar  de- 
tfldled  studies  and  large  collections  were  made.  The  present  pnblica- 
tkm  isther^ultof  Professor  Williams's  work,  which  has  included  the 
detailed  examination  of  about  400  thin  sections  made  from  the  speci- 
mens gathered. 

While  Professor  Williams's  investigations  have  been  going  on,  the 
various  other  green  schist  areas  named,  so  far  as  they  lie  withiu  the 

1  Oeol.  Surrey  Michlgaxr,  toL  4, 1881,  p.  214.  ,     *  . 
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bocmdary  of  the  United  States,  have  been  examined  in  considerable  de- 
tail, large  collections  and  extensive  field-notes  having  been  gathered  by 
Prof.  Van  Hise,  Messrs.  W.  N.  Merriam  and  W.  S.  Bayley,  and  mysell 
These  additional  collections  are  now  quite  thoroughly  sectioned,  and  it 
^  is  hoped  soon  to  study  them  in  detail,  and  to  offer  a  second  contribution 
to  our  knowledge  of  this  important  class  of  rocks.  The  present  publi- 
cation, however,  deals  only  with  the  Marquette  and  Menominee  areas. 

Prof.  Williams's  investigations  having  been  directed  especially  to  a 
microscopic  study  of  these  peculiar  greens  chists,  with  the  object  of  asoer- 
taining  whether  such  study  would  throw  any  light  npon  their  original 
condition ;  it  does  not  come  within  the  province  of  his  memoir  to  discuss 
the  geologic  relations  of  the  green  schist  masses  as  wholes.  Keverthe- 
less,  it  is  almost  unavoidable  that  some  reference  should  be  made  in  this 
volume  to  these  geological  relations,  and,  since  there  has  been  a  good 
deal  of  difference  of  opinion  as  to  them  among  the  several  geologists 
who  have  written  npon  the  Menominee  and  Marquette  areas,  it  seema ' 
necessary  to  explain  briefly  the  different  views  that  have  been  ad vianced^ 
including  the  conclusions  to  which  my  own  studies  have  thus  far  led  me, 
though  without  attempting  any  general  discussion  of  the  subject  for 
the  whole  Lake  Superior  region.  Such  a  discussion  it  is  designed  to  leave 
until  exhaustive  microscopic  studies,  like  that  of  Professor  Williams  here 
presented,  shall  have  been  extended  over  the  other  areas  of  similar  rocks 
above  named.  We  shall  then  be  in  possession  not  only  of  all  available 
structural  facts  with  regard  to  these  peculiar  rocks,  but  also  of  all  that 
the  most  refined  methods  of  study  can  give  us  with  regard  to  their  in- 
ternal texture  and  mineralogical  composition.  '     • 

The  map  (PI.  I)  shows,  in  a  general  way,  the  distribution  of  th^  dif- 
ferent kinds  of  rocks  in  the  vicinity  of  Marquette.  In  preparing  this 
map,  those  by  Brooks  and  Bominger,  read  in  the  light  of  my  own  studies 
in  this  region,  have  been  used.  It  should  be  said  that  a  detailed  map 
of  the  Marquette  district  has  not  been  attempted  by  the  U.  S.  Geologi- 
cal Survey  as  yet,  partly  because  other  more  pressing  work  was  in  prog- 
ress, and  partiy  because  without  a  thoroughly  accurate  topographical 
basis  for  such  a  map  it  has  not  been  thought  that  much  advance  could 
be  made  upon  the  several  maps  heretofore  constructed.  It  is  proposed, 
however,  to  begin  such  topograpliical  survey  immediately,  and  upon 
the  basis  thus  prepared,  to  place  everything  exactly  as  it  is  seen,  and, 
making  use  of  all  the  latest  mining  developments,  to  attempt  to  work 
out  accurately  and  in  detail  the  structure  of  the  region  in  such  a  fash- 
ion that  what  is  inferred  may  be  easily  separated  from  what  is  actually 
known. 

Upon  the  present  map  the  large  area  colored  for  greenstone  schists 
is  the  one  which  came  particularly  under  Professor  Williams's  investiga- 
tions. Korthward  this  area  is  limited,  in  the  eastern  portion,  by  a  great 
spread  of  granitic  and  gneissic  rocks.  The  line  of  demarkation  between 
the  schists  and  the  granites,  however,  is  not  a  sharp  one,  since  the 
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two  seem  to  miugle  more  or  leas  confosedly  oa  each  side  of  the  some- 
what arbitrary  line  indicated  upon  the  map.  Southward  of  this  green- 
stooe-schist  area,  and  again  dovetailing  into  it  on  the  north,  are  belts 
of  eoantry  occupied  mainly  by  detrital  rocks,  such  as  quartzites  and 
▼arioQS  fragmental  slates;  with  these,  however,  are  large  bodies  of 
crystalline  limestone  and  several  phases  of  ferruginous  schist,  all 
of  which  have  in  common  an  entire  lack  of  anything  like  a  frag- 
mental  texture.  In  addition  to  these  rocks  these  areas  include  also 
sheets  of  diabasic  greenstone,  which  are  interbedded  with  the  detritals 
and  ferruginous  schists  alluded  to.  On  the  south  of  the  southernmost 
of  these  detrital  areas,  in  which  are  included  all  the  well  known  iron 
mines  of  the  Marquette  region,  is  again  a  large  area  of  granitic  and 
gneissie  rocks. 

The  greenstone  schists  are  affected  generally  by  a  vertical  or  nearly 
T«rtieid  cleavage  structure,  to  which  the  occasional  banding  of  the 
rocky  suggestive  of  a  sedimentary  origin,  is  also  parallel.  The  layers 
of  rock  of  which  the  detrital  areas  are  composed  are  affected  partly  by 
a  similar  cleavage  structure,  but,  on  the  whole,  far  less  markedly  so, 
while  the  bedding  of  these  rocks  is  as  a  rule  very  distinct,  and  indi- 
cates a  more  or  less  open  or  gentle  bowing  of  the  layers,  the  dips  being 
2t  times  southward  and  again  northward,  and  usually  at  a  much  lower 
angle  thfui  is  the  cleavage  structure  of  the  greenstone  schists.  At 
times,  however,  particularly  in  the  easternmost  portion  of  the  southern 
of  these  two  belts^  the  inclinations  of  the  detrital  rocks  are  much  higher, 
and  then-bedding  and  cleavage  structure  approach  to  parallelism  with 
each  other,  and  with  the  cleavage  structure  of  the  greenstone  schists 
farther  north.  While  folded  back  and  forth,  these  detrital  areas  show 
for  the  most  part  an  evident  general  synclinal  structure;  that  is  to  say, 
the  layers  of  rock  of  which  they  are  composed,  as  they  appear  along  the 
edges  of  these  areas,  dip  inward  towards  their  middle  portions.  Thus 
the  greenstone  schists  seem  plainly  to  rise  from  beneath  the  higher  de- 
trital layers.  As  to  the  inferior  position  of  these  greenstone  schists  to 
the  detrital  iron-bearing  rocks,  all  geologists  who  have  examined  this 
region  would  probably  agree;  at  all  events  all  those  who  have  expressed 
diemselves  with  regard  to  the  matter  seem  to  have  no  hesitation  con- 
cerning it. 

Poster  and  Whitney,  whose  classical  work^  gives  the  first  compre. 
heosive  account  of  the  geology  of  this  region,  do  not  appear  to  have 
separated  the  greenstone  schists  from  the  other  stratiform  rocks  in  such 
a  fiashion  as  to  indicate  their  exact  stratigraphical  relations.  All  of 
these  stratiform  rocks  they  appear  to  have  looked  upon  as  constituting 
one  great  series,  whose  crumpled  condition  they  attributed  to  the  sub- 
sequent eruption  of  the  granite  masses  on  either  side  of  the  single 
teoagh,  which  they  regarded  the  stratiform  rocks  as  occupying.'    They 

'Baport  of  the  gtoiogy  of  the  Lake  Superior  land  district,  by  J.  W.  Foeter  and  J.  D.  Whitnej,  pt.  2. 
Tb«IiQo  Begkm,  Waehin^too,  1851. 
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appear,  however,  to  refer  especially  to  the  greenstone  schists  in  the 
following: 

Many  of  the  slates  appear  to  be  composed  of  polreralent  greenstone,  as  though  they 
might  originally  have  been  ejected  as  an  ash,  and  subsequently  deposited  as  a  sedi- 
ment, and  pass  by  imperceptible  gradations,  from  a  highly  fissile  to  a  highly  compact 
state.  *  *  *  The  slates  are  composed  essentially  of  the  same  ingredients  as  the 
trappean  rocks  with  which  they  are  associated,  and  the  main  difference  between 
them  may  be  that  the  one  was  the  product  of  salses,  ejected  in  the  form  of  mud,  while 
the  other  was  the  product  of  volcanoes,  ejected  in  molten  streams.  > 

They  appear  also  to  refer  especially  to  the  greenstone  schists  when 
they  speak  of  the  stratiform  series  as  exhibiting  greater  alteration  in 
the  vicinity  of  the  masses  of  eruptive  granite,  than  at  distances  from 
these  masses.* 

J.  P.  Kimball,  who  wrote  in  1864,^  considered  the  granitic  and  gneis^c 
masses  on  either  side  of  the  belt  of  stratiform  rocks,  as  correspond- 
ing to  the  Laorentian  series  of  Oanada,  while  he  parallelized  the  whole 
of  the  stratiform  succession  with  the  Huronian  series  of  the  north  shore 
of  Lake  Huron,  thus  making  the  granitic  and  gneissic  rocks  the  older 
basement  upon  which  all  of  the  stratiform  Huronian  was  subsequently 
spread,  wholly  by  aqueous  agencies.  None  of  the  various  rocks  which. 
Foster  and  Whitney  looked  upon  as  eruptive,  are  thought  by  Kimball 
to  have  had  that  origin,  even  the  various  greenstones  being  taken  to  be 
metamorphic  sedimentary  material.  In  the  case  below  Kimball  appesurs 
to  refer  particularly  to  the  greenstone  schists,  which  form  our  present 
subject,  and  which,  it  thus  appears,  he  looked  upon  as  the  basement 
member  of  the  Huronian  succession.    He  says:^ 

The  gneiss  which  marks  the  boundary  of  the  granite  belts,  and  accordingly  char- 
acterizes the  top  of  the  Lauren tian  series  in  this  region,  the  same  as  it  is  elsewhere 
represented,  is  succeeded  by  dark  colored  homblendic  schists,  which  consequently 
represent  the  base  of  the  Azoic  or  Huronian  series.  These  schists  are  followed  by  a 
series  of  angitic  rocks  and  schists,  interstratified  with  magoesian  hydrous  rocks  and 
slates,  the  two  kinds  of  rocks  being  represented  on  the  one  hand  by  hypersthene,  pyr- 
oxene, and  bedded  diorite  passing  into  dioritic  slates,  and  on  the  other  by  talcose 
and  chloritic  schists.  The  former  character  of  rocks  prevails  to  such  an  extent  as  to 
impart  to  the  lower  members  of  the  Huronian  series  a  distinctiye  angitic  aspect. 
The  several  rocks  composing  this  angitic  zone  are  commonly  of  a  greenish  color,  and 
yary  in  this  respect  chiefly  as  to  shade,  resembling  in  this  particular  the  Lower  Slate 
Conglomerate,  which  marks  the  base  of  the  series  in  Canada,  and  fh>m  which  they 
seem  to  differ  only  in  the  absence  of  pebbles  and  bowlders  from  the  subjacent  Lan- 
rentian  rocks,  which  there  form  a  distinguishing  feature.*^ 

1  Beport  of  the  geology  of  the  Lake  Superior  bind  diatriot,  by  J.  W.  Foster  and  J.  D.  Whilney,  pi.  2. 
The  Iron  Begion,  WMhington,  1851,  pp.  16, 17. 

<Ibid.,p.  14. 

<Am.  Jonr.  Sci.,  2d  series,  voL  89, 1866,  pp.  29&-308. 

4  Ibid.,  p.  294. 

'Thissapposed  similarity  of  the  greenstone  schists  of  Marquette  to  the  Lower  Slate  Conglomerate 
of  Lake  Horon  is  not  borne  out  at  all  by  later  mioroscopio  and  field  studies.  Indeed,  the  two  have 
nothing  whatever  in  common,  unless  the  oooMional  greenish  color  of  the  Lake  Huron  rocks  bo  taken  to 
indicate  such  a  resemblance.  The  Lower  Slate  Conglomerate  of  Lake  Huron,  with  its  granitic  and 
gneissic  pebbles,  proves  to  be  a  most  completely  detrital  and  plainly  water-formed  mass  composed  chiefly 
of  fragments  of  quarts  and  feldspar,  with  the  alteration  products  of  the  latter,  the  whole  cemented  by 
a  silicions  paste.  This  statement  is  made  only  after  a  carefal  examination  of  tho  Lake  Huron  region, 
and  after  the  study  of  a  very  large  number  of  thin  sections  from  Logan's  so-called  Lower  Slate  Con- 
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T.  B.  Brooks,  ax>oii  his  detailed  map  of  the  Marqaette  district  ^  leaves 
blank  the  larger  part  of  the  area  occapied  by  the  greenstone  schists 
which  now  especially  concern  ns,  indicating  here  and  there  apon  it, 
however,  the  occurrence  of  belts  of  "diorite"  and  of  **chloritic  and 
dioritic  schists."  All  of  these  rocks  he  evidently  regards  as  belonging 
ooofcrmably  beneath  the  detrital  quartzites  and  slates  which  form  his 
division  Ko.  V,  of  the  iron-bearing  series,  which  division  appears  in  a 
hM  ridge  along  the  northern  edge  of  the  southern  of  the  two  detrital 
areas  indicated  on  the  outline  map. herewith.  The  diorites  Brooks 
dasses  lithologically  with  the  greenstones  interstratified  with  the  de- 
trital rocks  themselves,  though  apparently  looking  upon  them  as  be- 
longing to  much  lower  layers  in  the  succession.  In  this  lithological 
correlation,  as  will  be  seen  in  the  sequel,  Brooks  was  largely  correct, 
since  the  diorites  of  the  greenstone  schist  area  prove  to  be  diabasic 
greenstones  in  dike  form,  and  to  be  entirely  similar  lithologically  to  the 
intorbedded  greenstones  of  the  detrital  or  iron-bearing  areas,  with  which 
th^  are  also  presumably  wholly  contemporaneous.  All  of  these  rocks, 
both  massive  and  schistose.  Brooks  plainly  regarded  as  metamorphosed 
irater-formed  sediments. 

Wadsworth,  writing  in  ISSO,^  advocates  in  the  main  the  views 
presented  by  Foster  and  Whitney,  as  will  be  seen  by  the  following 
quotation: 

Iho  general  straoture  of  the  ooantry  wonld  seem  to  be  as  follows :  The  schists, 
sandstones,  etc.,  having  been  laid  down  in  tbe  asaal  way,  were  then  disturbed  by  the 
er^^tkm  of  the  Jasper  and  ore;  this  formed  the  knobs  of  jasper,  the  baudiog  beloog- 
mi^to  tbe  flnidal  ste*notnre,  and  not  to  sedimentation.  Besides  occurring  in  bosses, 
the  jasper  was  spread  out  in  sheets,  and  intruded  through  the  rook  in  wedge-shaped 
mmrn,  sheets,  and  dikes.  Much  of  the  original  rock  still  remained  horizontal,  and 
asw  oodimentary  deposits  continued  to  be  formed  out  of  the  Jasper  and  the  other  rocks. 
Kert  came  the  ^mption  of  "  diorite,''  which  completed  most  of  the  local  folding  and 
tHitng  of  the  strata.  Finally,  the  granite  eruption  took  place  on  both  sides  of  the 
"  Himmian,''  aplifting  and  contorting  the  strata  near  it,  and  perhaps  laterally  com- 
|tfe«tng  the  inclosed  iron-bearing  rocks. ' 

Dr.  Wadsworth  does  not  appear  to  express  any  particular  opinion  as 
to  the  stratigraphical  position  of  the  greenstone  schists  of  the  area  now 
specially  under  consideration,  speaking  of  them  only  in  connection 
with  an  the  rest  of  the  stratiform  rocks  of  the  region  as  older  than  the 
adjaeent  granite  areas.  The  greater  part  of  these  greenstone  schists 
he  would  seem  to  have  looked  upon  as  certainly  sedimentary,^  since  he 
reoordsa  nomber  of  observations  going  to  show  that  there  is  no  grada- 
tion between  them  and  certain  dike-like  masses  occnrring  with  them, 
fmng  these  observations  in  opposition  to  the  ideas  expressed  by  some 
of  bis  predecessors  to  the  efifect  that  inasmuch  as  the  massive  rocks  and 

'CI«oL  Surrey,  Kichigan,  1873,  vol.  1,  Atlas  pi.  3.    See  also  pp.  90-104,  same  vol. 
*Kfltos  oil  the  Geology  of  the  Iron  and  Copper  Districts  of  Lake  Saperior.    By  M.  E.  Wadsworth 
fca  Mtis.  Conp.  ZooL  Harrord  College,  Whole  Series,  vol.  7  (Geol.  Series,  vol.  1  No.  1). 
•rWd..  p.  75.  '•Ibid.,  p.  37. 
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the  schists  grade  into  one  another,  the  former  are  of  sedimentary  ori^n 
as  well  as  the  latter.  That  there  are  genaine  dikes  intersecting  these 
schists  and  having  no  gradations  into  them,  Professor  Williams'sobserva- 
tions  recorded  in  this  volume,  as  weiras  those  by  Rominger  and  others, 
make  very  plain,  although  even  in  the  case  of  these  genuine  later  dikes 
there  are  at  times  partially  schistose  forms  produced  apparently  by 
secondary  dynamic  agencies.  On  the  other  hand,  it  will  be  seen  from  Pro- 
fessor Williams's  descriptions  that  there  are  other  massive  forms  among 
these  greenstone  schists  which  do  present  every  possible  gradation  into 
the  schists  themselves,  and  must,  therefore,  be  believed  to  have  had  ii 
common  origin  with  them. 

Bominger,  in  his  account  of  the  geology  of  the  Marquette  region^ 
published  in  1881,*  describes  very  fully  the  greenstone-schist  area  which 
Professor  Williams  has  studied.  Bominger's  mapping  of  this  area  has 
essentially  been  followed  upon  the  small  sketch-map  accompaoying  the 
present  volume.  The  rocks  of  this  area  he  describes  under  the  gen- 
eral head  of  the  "  dioritic  group,"  which  group  he  looks  upon  as  form- 
ing the  basement  member  of  the  Huronian  series  within  which  he  would 
include  all  the  stratiform  rocks  of  the  region,  considering  it  as  placed 
conformably  beneath  the  detrital  strata.  The  origin  of  the  structure 
of  these  greenstone  schists  he  looks  upon  as  having  been  a  secondary 
one,  although  he  recognizes  distinctly  their  intrusion  by  later  genuinely 
eruptive  dikes.  Inasmuch  as  in  its  more  northern  portion  the  green- 
stone-schist area  presents  numerous  bosses  and  veins  of  granite,  he 
considers  these  as  proving  the  more  recent  origin  of  the  great  granite 
masses  lying  both  to  the  north  and  south  of  all  stratiform  rocks,  thus 
returning,  as  did  Wadsworth  before  him,  to  the  early  expressed  view 
of  Foster  and  Whitney,  with  whom  he  agrees  also  in  considering  that 
the  crumpling  of  all  of  the  stratiform  rocks,  greenstone  schists  and  de- 
tritals  as  well,  has  been  accomplished  by  the  protrusion  of  the  later 
granite  masses  on  either  side.  In  the  same  volume,  and  upon  his  map, 
Dr.  Bominger  indicates  numerous  small  areas  of  massive  and  schistose 
greenstones  as  occurring  in  the  vicinity  of  iNTegaunee  and  Ishpeming, 
within  the  district  represented  on  the  outline  map  herewith,  as  occupied 
entirely  by  the  detrital  iron-bearing  series.  These  masses  he  regards 
as  forming  portions  of  his  dioritic  group,  although  at  the  same  time 
recognizing  distinctly  the  fact  that  they  occur  at  various  horizona 
among  the  detritals,  which  he  looks  upon  as  lying  wholly  above  the 
main  mass  of  his  dioritic  rocks.  This  anomalous  arrangement  he  ex- 
plains by  representing  that  the  dioritic  group,  inasmuch  as  it  lies  at 
the  base  of  the  entire  stratiform  series,  comes  directly  into  contact 
with  the  granite  protrusions,  whose  metamorphosing  influence  was  so 
great  as  to  cause  the  fusion  of  a  portion  of  these  basement  layers. 
These  fused  portions,  then,  he  imagines  to  have  intruded  themselves 
in  various  shapes  among  the  higher  detrital  layers.*    This  view,  how- 

1  G^I.  Survey  Michigan,  1881,  vol.  4,  with  map  of  Harqaette  region, 

»Ibld.,  pp.  22-39,  particularly  pp.  87,38,  /    v^^^l^      • 
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ever.  Dr.  Bominger  sabseqaently  abandoned,  as  will  appear  from  the 
foUowing  qaotation  from  the  manuscript  of  his  last  and  yet  nnpab- 
liflbed  report  :^ 

As  from  the  massiye  form  of  the  diorites  a  gradation  exists  into  the  schistose  con- 
dition, and  as  schistose  stractore  formerly  appeared  to  me  a  positive  proof  of  a 
fffimer  sedimentary  origin,  I  resorted  in  my  previons  report,  in  order  to  explain  the 
fimilarity  in  the  composition  of  the  schists  with  the  massive  diorites,  to  the.  hypoth- 
esis of  a  secondary  fusion  of  the  lower  beds  of  sediments  nearest  to  the  focus  of  cen- 
UtX  heat,  and  subsequent  injection  of  the  fused  part  into  the  folds  and  fissures  of 
tiie  remainder  of  the  strata,  simultaneously  also  the  molten  mass  to  have  been  forced 
into  the  fissores  aiu}  crevices  of  the  adjoining  granite.  I  have  since  lost  much  of  my 
&ith  in  tills  supposition,  since  I  have  convinced  myself  that  schistose  structure  is 
not  necessarily  the  result  of  aqueous  sedimentation,  but  that  cooling  eruptive  masses 
under  circnmstances  can  assume  a  schistose  form.  •  •  «  i  am  Inclined  to  suppose 
that  these  schists  so  intimately  associated  with  massive  dlorite  beds  are  a  product  of 
tiieir  decomposition,  under  circumstances  favoring  the  schistose  arrangement  of  the 
moleenles,  or,  to  speak  in  more  definite  term8,-are  a  modified  form  of  these  eruptive 
,  and  do  not  refer  to  former  sedimentary  deposits.  * 


My  examinations  of  the  Marquette  region,  made  at  different  times  in 
tbe  summers  of  1883, 1886,  and  1887,  have  served  to  convince  me  thus 
far  of  the  correctness  of  the  views  of  most  of  the  geologists  who  have 
examined  the  region  with  regard  to  the  inferior  position  of  the  rocks  of 
Ito  greenstone-schist  area  to  the  remainder  of  the  stratiform  rocks. 
They  have  also  served  to  impress  me  strongly  with  the  probable  cor- 
reetnesB  of  the  view  which  would  make  at  least  some  granitic  rocks  sub- 
sequent in  point  of  time  to  the  greenstone  schists  themselves,  since  the 
latter  are  so  intricately  penetrated  by  granitic  bosses  and  dikes  in  their 
more  northern  portions. 

I  have  also  seen  enough  to  make  me  confident  that  the  dike  masses 
irlddi  cat  the  greenstone  schists  of  this  area  are  of  wholly  subsequent 
date  to  the  schists,  and  indeed  are  equivalent  in  point  of  time  to 
thoee  intruded  sheets  and  masses  which  lie  within  the  overlying  de- 
trital  iron-bearing  series.  On  the  other  hand,  I  have  seen  some  reason 
to  suspect  that  nearly  all  previous  geologists  have  been  mistaken  in 
ooBsidering  the  rocks  of  the  greenstone- schist  area  as  belonging  within 
the  same  great  geological  period  as  that  which  holds  the  remainder  of 
the  stratiform  rocks  of  the  region.  In  other  words,  it  thus  far  appears 
to  me  that  there  is  good  reason  to  believe  that  these  greenstone  schists 
akmg  with  the  granites,  gneisses,  etc.,  form  a  portion  of  the  basement 
upon  which  the  overlying  detrital  iron-bearing  series  was  once  horizon- 
taOy  and  anconformably  spread.  That  they  do  not  constitute  the  con- 
formably underlying  basement  beds  of  that  series  is  suggested  by  a 
glaaee  at  the  map  (PL  1),  from  which  it  will  be  seen  that  they  do  not 
everywhere  appear  between  the  grauite^reas  and  the  detrital  rooks 
theaiseiTes,  the  granite  at  times  coming  in  contact  with  them,  and  again 
vith  the  higher  stratiform  horizons.     But  this  anomalous  arrangement 
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fldglit  po&BiAy  be  explftined  by  the  eruptive  nrntnre  of  the  granite^ 
whiob^  nooe  eraptive,  would  eome  op  iodifferentlj  at  any  horison  of 
the  rocks  introded  by  it.  However,  that  the  granite  is  not  newer  than 
those  stratified  rocks  which  overlie  the  greenstone  schists  there  appears 
very  excellent  proot  At  a  nnmbo*  oC  points  where  the  detrital  beds, 
whi'^h  form  the  basement  members  of  the  iron-bearing  series  proper, 
come  in  contact  with  the  granite,  they  contain  its  debris  in  a  very  notable 
£Mhion,  while  they  are  entirely  devoid  of  granitic  veins,  such  as  occar 
where  the  greenstone  schists  come  into  contact  with  the  granite.  If^ 
then,  the  granites  are  of  one  general  age,  it  appears  manifest  that  they 
are  newer  than  the  g^reenstone  schists,  bnt  older  than  the  overlying 
strata.  Moreover,  there  are  several  points  on  the  contact  line  between 
the  detrital  rocks  of  the  iron-bearing  series  and  the  anderlying  green- 
stone schists,  where  a  conglomerate  is  to  be  seen,  in  which  are  included 
not  only  nameroos  granitic  fragments,  bat  also  large  sized  pieces  of  the 
greenstone  schists  themselves. 

Since  the  occnrrence  of  these  basal  conglomerates  is  a  matter  of  so  im- 
portant a  bearing  on  the  geologic  stractore  of  this  region,  it  is  desira- 
ble that  the  i>oints  of  their  occurrence  shoald  be  briefly  indicated  here. 
Beginning  with  the  south  side  of  the  main,  or  southern  area  of  the  iron- 
bearing  series,  indicated  on  the  accompanying  sketch  map,  it  may  be 
noted  in  the  first  place  that  at  several  points  along  the  contact  line 
in  Sees.  1,  2,  3,  4,  and  5,  T.  47  K,  R.  25  W.,  the  basal  quartzite  of  the 
detrital  series,  which  is  in  general  made  up  almost  completely  of  quartz 
fragments  cemented  by  a  siliceous  matrix,  takes  on  a  peculiar  charac- 
ter, containing  at  times  a  large  quantity  of  pinkish  orthoclase,  along 
with  a  good  deal  of  sericitic  mica.  This  peculiar  rock  was  regarded  by 
Dr.  Rominger  as  havidg  been  altered  from  the  ouartzite  by  its  contact 
with  the  more  recently  erupted  granite.  A  study  of  the  thin  sections^ 
however,  reveals  the  completely  f ragmen tal  nature,  not  merely  of  the 
quartz,  but  of  the  feldspar  pieces,  while  the  sericitic  Ingredient  appears 
to  have  arisen  from  an  imraodiate  alteration  of  the  feldspar  f^*agment8. 
These  feldspathic  fragments,  as  also  the  quartz  mingled  with  them,  are 
of  the  kinds  characteristic  of  granite,  and,  moreover,  are  entirely  iden- 
tical with  those  occurring  in  the  granite  with  which  this  peculiar  rock 
is  in  contact.  Southwest  of  Goose  Lake,  however,  in  Sees.  21  and  22, 
T.  47,  R.  26  W.,  there  are  much  more  obvious  occurrences  of  gran- 
itic d<^bris.  In  tiie  lower  detritals  of  the  iron-bearing  series  near  the 
southwest  quarter  of  section  22  may  be  seen  layers  of  fragmental  quartz 
slate  holding  seams  of  granitic  pebbles ;  while  in  the  southeast  quarter 
of  the  same  section  contacts  are  seen  between  the  fragmental  qnartzitje 
and  masses  of  the  granite,  the  quartzite  at  the  contact  being  crowded 
with  bowlders  and  fragmental  material  of  all  sizes  derived  from  the 
granite.  It  is  not  evident  whether  the  granitic  masses  here  seen  are 
brought  to  view  by  a  foM  of  the  strata,  or  are  directly  connected  at 
surface  with  the  main  granitic  mass  lying  to  the  southeast  of  them,  the 
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exaot  OQtIines  of  the  areas  oocapied  by  different  rocks  in  this  vioinity 
hayiDg  never  been  traced.  These  occurrences  were  noted  by  Dr.  Bom- 
iDger,^  who  also  describes  similar  ones  as  obtaining  in  the  soathwest- 
era  portion  of  the  same  township.  It  should  also  be  said  that,  at 
DQineroas  points  along  this  line,  the  qaartzite  contains  pebbly  beds  in 
which  the  pebbles  are  of  a  qnartzite  whose  microscopic  features  prove 
to  be  thoee  so  well  known  as  characteristic  of  the  quartz  of  granite. 

Turning  now  to  the  northern  line  of  the  same  area  we  may  note  first 
the  conglomerate  to  be  seen  on  the  side  of  the  so-called  State  Eoad, 
mnDing  west  from  Marquette  at  a  point  near  the  west  line  of  the  SW. 
4  of  the  SE.  i  sec.  29,  T.  48  N.,  B.  25  W.  This  is  exactly  on  the  line 
between  the  greenstone-schist  area  and  the  area  occupied  by  the  detrital 
rocks,  which  just  here  are  thinly  banded  slates,  standing  vertical  or 
even  oveitorued  slightly  so  as  to  dip  to  the  northward  and  to  lie  in  gen- 
mhI  conformity  to  the  cleavage  of  the  greenstone  schists  immediately 
north.  These  slates,  whose  lithological  character  is  one  very  commonly 
met  witii  at  the  base  of  the  iron-bearing  series  in  many  different  por- 
tions of  the  Lake  Superior  region,  are  proved  by  the  thin  sectionis  to 
be  qnite  beyond  question  water-formed  detritals  and  at  the  same  time 
to  present  a  most  striking  contrast  with  the  homblendic  and  chloritic 
greenstone  schists  lying  immediately  north  of  them.  This  contrast, 
however,  though  very  distinct  in  the  thin  section,  is  by  no  means  so 
prooonnoed  in  the  hand-specimens  which,  though  one  sees  that  they  are 
of  two  different  natures,  might  nevertheless  be  readily  taken  to  be  all 
of  the  same  origin.  At  the  point  indicated  the  fragmental  slates  become 
crowded  witb  large  and  small  fragments  of  granite,  quartz,  and  green 
aeiiist,  the  qnartz  pebbles'usually  being  of  rather  small  size,  whil^  those 
of  granite,  which  are  the  most  numerous,  are  well  rounded  and  reach  as 
DBch  as  two  feet  in  diameter.  The  green  schist  pebbles,  on  the  other 
hand,  are  not  so  plentiful,  but  are  still  abundant  and  of  all  sizes,  from 
the  smallest  particles  up  to  pieces  a  foot  across.  The  larger  schist 
poeoes  are  somewhat  rounded,  but  in  the  main  they  are  all  far  less  so 
than  the  fh^ments  of  granite  and  quartz.  The  thin  sections  cut  from 
the  matrix  of  the  rock  show  that  it  is  completely  of  a  detrital  nature. 
On  tiie  north  side  of  Teal  Lake,  at  both  eastern  and  western  extremities, 
arelbnnd  other  conglomerates,  in  one  case  holding  only  quartz  pebbles, 
and  in  theoth^  case  pebbles  not  only  of  quartz,  but  of  greenish  schists 
as  weOL 

Taming  onr  attention  now  to  the  northern  one  of  the  two  detrital 
aieas  indicated  on  the  sketch-map  herewith  (PI.  I),  I  may  note  the  oc- 
eonenoe  at  a  number  of  points  along  its  southern  margin  of  conglom- 
ecBtie  layers  of  quartzite  and  sandstone,  in  which  are  contained  peb- 
Uesof  white  quartz,  which  pebbles  are  at  times  identical  in  microscopic 
aad  maeioscopio  appearance  with  the  quartz  of  certain  seams  in  the 
in«eiiish  schists  (as,  for  instance,  on  the  west  line  of  Sec.  20,  T.  48  K,  B. 
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27  W.),  or  with  that  of  the  granite  (as,  for  instance,  near  the  middle  of 
the  sonth  half  of  Sec.  17,  T.  48  N.,  B.  26  W.),  against  which  different 
rocks  the  qnartzites  rest  indifferent  places.  Near  the  middle  of  Sec  21, 
T.  48  N.,  B.  27  W.,  the  qnartzite,  resting  here  against  certain  agglom- 
eratic  green  schists,  contains  not  only  fragments  of  quartz  like  that  of 
nnmerons  seams  in  the  green  schists,  bat  also  pieces  of  the  green  schists 
themselves,  which  in  some  cases  are  several  inches  in  diameter. 

But  the  most  striking  occurrences  of  basal  conglomerates  upon  the 
edges  of  this  area  of  detrital  rocks  are  those  to  be  met  with  in  the 
northern  and  western  portions  of  T.  49  N.,  B.  28  W.  One  of  these  places, 
to  which  my  attention  was  first  drawn  by  Mr.  Cf.  E.  Wright,  the  state 
geologist  of  Michigan,  is  on  the  northwestern  shore  of  Silver  Lake,  in 
the  SB.  i  of  the  NW.  i  of  Sec.  8.    Bising  abruptly  all  along  the  north- 
ern side  of  this  lake  is  a  bold  ridge  of  granite  with  which  are  associated 
several  kinds  of  schistose  rocks,  very  prominent  among  which  is  a  fine- 
grained green  schist  entirely  analogous  in  general  appearance  to  the 
greenstone  schists  which  form  the  special  subject  of  this  paper.    At 
the  particular  point  to  which  attention  is  now  directed,  this  granite  pro- 
trudes in  places  into  the  lake  in  low,  shelving  ledges,  faciug  which,  and 
lying  within  the  cracks  of  which,  is  a  black  cherty  slate.    Following 
the  shore  along  to  the  southwestward  from  these  exposures,  the  cherty 
slate  is  found  more  largely  developed,  occupying  a  large  hollow  in  the 
surface  of  the  granite,  and  becoming  crowded  with  its  fragments  of  all 
sizes,  from  a  fine  detritus  up  to  pieces  two  feet  in  length.    These  frag- 
ments, though  prevailingly  snbangular  to  angular  in  outline,  generally 
present  some  evidence  of  water- wearing.     Many  of  them  are  quite 
gneissoid  in  structure,  while  others  are  more  granitic,  two  principal 
phases  being  thus  presented.    The  thin  sections  made  from  the  speci- 
mens selected  on  the  ground  as  characterizing  these  two  phases  of  peb- 
bles, and  also  the  granitic  and  gneissoid  pbases  of  the  granite  against 
which  the  conglomerate  rests,  show  the  entire  indentity  of  the  frag- 
ments  and  the  massive  granite.    In  addition  to  the  granite  fragments 
are  rarer  ones  of  white  quartz,  these  occasionally  b^ng  of  some  size, 
and  others  of  a  greenish  schist  entirely  analogous  to  that  green  schist 
which  occurs  here  in  situ  along  with  the  granite.    The  matrix  of  this 
conglomerate  is  a  dark  gray  to  nearly  black,  carbonaceous,  cherty  slate, 
which  in  the  thin  section  shows  a  predominating  quantity  of  a  cherty, 
chemically  deposited  silica,  with  which  are  mingled  varying  proportions 
of  firagmental  material,  this  firagmental  material  being  composed  of 
pieces  of  quartz  and  feldspar,  and  again,  when  the  pieces  become  coarser, 
of  a  granite  in  which  these  same  minerals  are  attached  to  each  other. 
At  times,  as  is  so  commonly  the  case  among  the  cherty  rocks  of  the 
iron-bearing  series  generally,  throughout  the  Lake  Superior  region,  there; 
is  a  brecciated  condition  in  this  slaty  matrix  itself;  that  is  to  say,  irregu- 
lar, angular  pieces  of  the  carbonaceous  cherty  material  are  cementedi 
together  by  a  matrix  of  the  same  substance.    Quite  similar  occurrencea 
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are  met  with  near  the  center  of  Sec.  19,  of  thie  same  township,  where 
black  cherty  slate  and  quartzite  lie  upon  the  east  and  south  flanks  of  a 
bold  hill  of  granite ;  both  slate  and  qnartzite,  and  particularly  the  lat- 
ter, being  crowded  with  fragments  of  the  granite,  which  range  from 
small  pebbles  np  to  pieces  a  foot  or  more  in  diameter,  the  smaller  sized 
pebbles  being  usually  quite  well  rounded,  while  the  larger  fragments 
are  snbangalar  to  angular. 

Soch  occarrences  as  these,  when  considered  in  conpection  with  the 
manner  in  which  the  granite  penetrates  the  greenish  schists  and  is  in-  • 
Tdred  with  them,  seem  to  render  necessprry  the  belief  that,  while  it  is 
plainly  yoanger  than  the  green  schists,  it  is  nevertheless  greatly  older 
tiian  the  overlying  detrital  rocks ;  and  more  than  this,  that  when  the 
latter  rocks  were  spread,  the  granites  and  greenstone  schists  together 
had  already  suffered  disturbance  and  deep*  denudation.  It  does  not 
^pear  possible  to  escape  this  conclusion  by  supposing  that,  since 
granite  and  greenstone  schists  are  eruptives,  they  may  have  furnished 
fragments  to  almost  contemporaneous  sedimentary  deposits;  for,  in 
the  first  place,  both  the  greenstone  schists  and  the  gueissoid  granite 
most  have  received  their  schistosity  before  yielding  the  fragments. 
Moreover,  whatever  may  have  been  the  depth  at  which  the  schistose 
Toeks  were  first  termed,  the  granitic  masses  which  intruded  then^  ac- 
cording to  all  the  later  developments  and  doctrines  of  petrography, 
most  have  been  crystalized  in  depth,  and  must  therefore  have  had  re- 
moved from  over  them  great  masses  of  materials  before  yielding  frag- 
ments to  w^ve  action.  In  this  connection  attention  should  be  drawn 
to  tiie  fact  that  there  are  evidently  granitic  rocks  of  two  different  ages 
in  the  great  granitic  areas  of  the  Marquette  region  ;  because  dikes  of  a 
ine  grained,  reddish  granite  are  frequently  met  with  cutting  the  other 
granite,  which  may  be  either  gneissoid  or  not.  These  later  granites, 
vhich  appear  to  be  of  relatively  small  extent  compared  with  the  main 
mass,  may  perhaps  have  been  even  later  in  time  of  formation  than  the 
detrital  rocks  themselves.  It  seems  probable  that  to  these  later  granitic 
captions  we  should  refer  certain  rare  quartz-porphyry  dikes,  and  such 
T»y  rare  granitic  dikes  as  that  which  is  seen  near  Metropolitan,  in  the 
Fetch  Mountain  district,  intersecting  a  ferruginous  schist  of  the  iron- 
beuing  series  itself. 

On  the  whole,  then,  accepting  Prof.  Williams's  conclusions  as  to  the 
surface  origin  of  most  of'  the  greenstone  schists  of  the  Marquette 
region,  I  should  suppose  that,  after  the  accumulation  of  these  rocks  to 
the  thickness  of  several  thousand  feet,  they  were  intruded  by  granitic 
bofisea.  These  bosses  perhaps  may  have  been  merely  softened  portions 
of  Uie  underlying  gneissic  basement,  which  indeed  may  be  represented 
in  an  unaltered  condition  in  portions  of  the  granitic  areas  themselves, 
for  all  that  has  yet  been  determined  to  the  contrary.  Subsequent 
mooDtain-making  movements  brought  about  the  folding  and  altera- 
tion of  these  enormotis  sheets  of  eruptive  material,  now  represented  by 
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the  greenstone  schists.  Following  this  was  the  great  denudation 
which  brought  to  light  the  previously  buried  granitic  masses.  This 
erosion  was  followed  in  turn  by  the  accumulation  in  the  usual  horizon- 
tal position  of  the  iron-bearing  detrital  series,  whose  folding  and  erosion 
were  still  later  processes.  And  yet  this  folding  and  erosioa  all  pre- 
ceded the  deposition  of  the  horizontal  Cambrian  sandstones  of  the 
region. 

The  entire  similarity  which  is  shown  by  Prof.  Williams  to  obtain  be- 
tween the  great  dikes  of  diabasic  greenstone  which  traverse  the  green- 
stone schist  area,  and  the  sheets  of  eruptive  greenstone  which  are  in- 
cluded within  the  iron-bearing  series,  furnishes  a  further  confirmation 
of  these  conclusions.  For  the  latter  greenstones  are  in  large  measure 
directly  interstratified  with  the  sedimentary  layers  of  the  iron-bearing 
series,  following  the  bendhig  of  its  layers;  so  that  even  if  these  green- 
stones are  in  the  nature  of  intruded  sheets,  it  seems  necessary  to  be- 
lieve that  their  intrusion  took  place  before  the  folding  of  the  iron-bear- 
ing series.  Kow,  the  corresponding  dikes  in  the  greenstone-schist  area 
were  evidently  intruded  subsequent  to  the  production  of  the  schis- 
tosity  of  the  intruded  rocks.  If,  then,  these  are  facts,  the  time  when 
the  iron-bearing  series  was  folded  was  very  much  subsequent  to  that 
time  at  which  the  greenstone  schists  received  their  schistosity.  It  has 
been  mentioned  that  the  schistose  structure  of  these  greenstones  at 
times  corresponds  with  the  bedding  structure  of  the  iron-bearing 
series.  But  quite  frequently  there  is  no  such  corresi>ondence,  the  beds 
of  the  latter  series  being  noticeably  at  relatively  lower  angles  when 
compared  with  the  vertical  schistose  structures  of  the  greenstone 
schists  themselves. 

Such  correspondence  in  some  places  and  lack  of  correspondence  in 
others  are  easily  enough  explicable  upon  the  views  that  I  have  ad- 
vanced. However,  there  is  good  reason  to  think  that  at  the  time  of  the 
folding  of  the  iron-bearing  series,  the  greenstone  schists  received  a  sec- 
ond squeezing,  which  developed  further  alterations  and  further  schis- 
tosity. The  later  dikes  just  alluded  to  as  penetrating  the  green  schists 
are  at  times  rendered  somewhat  schistose,  though  far  less  markedly  so 
than  are  the  rocks  which  they  intrude.  The  same  is  true  with  the  green- 
stones that  are  intercalated  in  the  iron-bearing  series,  where  somewhat 
schistose  phases  are  found.  The  structure  of  these  last-named  schis- 
tose phases,  as  also  the  occasional  slaty  cleavage  seen  in  the  detrital 
layers  of  the  iron-bearing  series,  where  it  is  very  strongly  folded,  cor- 
respond in  general  direction,  as  would  be  expected,  with  the  schistose 
structure  of  the  greenstone- schist  areas. 

The  geology  of  that  portion  of  the  Menominee  region  which  has  been 
especially  under  study  in  the  present  connection,  is  indicated  by  the 
outline  map,  Plate  11.  Here,  again,  we  find  a  series  of  detrital  iron- 
bearing  rocks,  lying  between  great  areas  of  granite  and  gneiss.  The 
iron-bearing  rocks  are  generally  quite  closely  like  those  of  the  Mar- 
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quette  region,  the  only  important  differences  being  the  very  great  rar- 
ity of  greenstone  iutrosions,  aud  the  very  much  more  closely  crumpled 
condition  which  the  rocks  here  present.  In  th6  same  region  are  two 
belts  of  greenstone  schists  closely  analogous  in  general  appearance 
with  those  of  the  Marquette  region.  The  southern  one  of  theSe  borders 
for  a  long  distance  the  southern  granite  area,  separating  the  granite 
from  the  detrital  rocks  further  north.  The  inclination  of  the  schistosity 
of  the  greenstone  schists  is  almost  vertical,  there  being  generally  a 
slight  southern  departure  from  /verticality.  Very  high  southern  dips. 
<^n  approaching  verticality,  also  prevail  among  the  layers  of  the  de- 
trital saccesftion  itself,  although  here  frequently  occur  reverse  dips  to 
the  northward,  often  at  a  flatter  angle.  * 

l%e  first  geologists  who  appear  to  have  noted  the  Menominee  rocks 
are  Foster  and  Whitney  and  Charles  Whittlesey,  as  quoted  in  Poster 
and  Whitney's  work.^  By  these  writers  all  of  the  Menominee  strati- 
form rocks,  so  far  as  they  were  encountered  in  the  rapid  trips  by  canoes, 
vhich  were  at  that  time  the  only  means  of  traversing  the  country, 
wa«  classed  together  under  the  general  name  of  Azoic  slates.  How- 
ever, the  exposures  of  greenstone  schists,  which  are  met  with  at  Twin 
Falls,  Upper  (Big)  and  Lower  (Little)  Quinnesec  Falls  and  Sturgeon 
Falls,  appear  to  be  directly  referred  to  as  intercalations  of  ^<  Azoic 
dates  and  traps;  '^  so  that,  while  no  opinion  was  expressed  as  to  their 
stratigraphic  relations  to  the  other  rocks  of  the  region — ^beyond  what  is 
indicated  in  general  statements  as  to  the  greater  recency  of  all  the 
granitic  masses  ot  the  region  as  compared  with  the  schistose  and  slaty 
rocks — ^it  appears  plain  that  these  geologists  looked  upon  the  rocks 
DOW  included  under  the  term  of  greenstone  schists  as  partly  eruptive 
and  partly  sedimentary. 

The  same  conclusion  as  to  the  origin  of  these  rocks  appears  to  have 
been  reached  by  Gredner,  who  published,  an  account  of  this  region  in 
1869,*  after  having  been  some  time  on  the  ground  as  an  assistant  to 
Prof.  B.  Pnmpelly  in  a  private  economic  examination  of  the  lands  of 
the  Lake  Superior  Ship  Canal  Company.  On  account  of  the  slight  de- 
parture ftom  verticality  towards  the  south;  on  account  of  the  schistose 
structure  of  the  rocks  exposed  at  the  several  fells  of  the  Menominee, 
which  rocks  he  describes  under  the  general  term  of  *'  Dioritic  Series* 
and  "Talcky  Clay  Slate,^  and  because  of  the  prevalence  of  similar 
aoathem  dips  among  the  detrital  iron-bearing  rocks  farther  north, 
Gredner  considers  the  former  rocks  as  constituting  the  highest  portion 
of  the  entire  succession  of  the  region.  That  there  existed  to  the  south 
of  these  rocks  another  mass  of  granite  does  not  appear  to  have  been 
realized  by  Credner. 

T.  B.  Brooks,  who  followed  Credner  in  the  Menominee  region  and 

■G«olos<eal  Sarrey  of  tlia  Lake  Saperior  Land  Distxiot,  toI.  2,  pp.  24-31.  See  also  general  seotioii 
sf  ik&  Inftke  Saperior  region  in  atlaa  to  the  same  volnme. 
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who  published  a  brief  accoant  in  the  reports  of  the  Geological  Survey  of 
Michigan^  appears  to  have  agreed  with  that  geologist  with  regard  to 
the  relatively  high  position  in  the  series  of  the  greenstone  schists  of 
the  Menominee  River.  Subsequently  the  same  geologist,  assisted  by 
O.  E.  Wright,  was  engaged  in  a  more  minute  examination  of  this 
region  on  the  part  of  the  Wisconsin  State  (Geological  Survey,  publish- 
ing a  somewhat  elaborate  report  in  1880**  In  this  report  very  many 
more  facts  are  given  than  were  ever  known  before,  all  exposures  seen 
being  very  accurately  and  carefully  indicated  upon  the  accompanying 
maps.  This  detailed  work,  however,  does  not  appear  to  have  altered 
Brooks's  opinion  as  to  the  relatively  high  position  in  the  Menominee 
series  of  the  greenstone  schists  now  especially  under  consideration, 
although  it  appears  that  he  would  now  correlate  them  with  still  higher 
layers  of  the  Marquette  series  rather  than  with  those  to  which  he 
had  previously  referred  them.  As  to  the  origin  of  the  greenstone 
schists,  Brooks  would  seem  to  have  regarded  them  at  first  as  all  sedi- 
mentary; at  all  events  when  the  Michigan  report  referred  to  was 
written.^  Later,  however,  he  appears  to  have  been  disposed  to  separate 
from  the  rest  certain  diabases  as  eruptive,  thus  coming  nearly  to  the 
same  conclusion  as  that  reached  by  Credner.*  To  convey  Brooks^s  con- 
ception of  the  structure  of  this  region  more  clearly,  there  are  given  here 
two  sections,  constructed  from  general  sections  given  by  him  upon 
Plates  27  and  29  of  the  atlas  to  the  Geology  of  Wisconsin.    The  granitic 
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Fio.  1.  Hypotbetioal  section  of  the  Menominee  region  in  the  rioinity  of  Qainnesec,  according  to 
Brooks;  I.  Sericitic  slates;  II,  qoartzite  ;  V,  limestone;  VI,  the  great  iron  horizon;  XIV,  qnulxlte  ; 
XV  to  XtX,  greenstone  schists,  etc. ;  XX,  Horonlan  granite ;  P,  Potsdam  sandstone.  Scale  18,000 
feet  to  the  inch. 

and  gneissic  rocks  to  the  north  Brooks  regarded  as  having  formed  part 
of  the  ancient  Laurentian  basement  upon  which  all  of  the  slates  and 
schists  were  subsequently  piled.  From  this  northern  granite  to  the 
granite  on  the  south  side  of  the  Menominee  he  looked  upon  the  entire 
succession  as  an  ascending  one,  though  admitting  certain  bowings  of 
the  strata.  The  southern  granite,  as  to  whose  sedimentaty  or  eruptive 
origin  he  appeu*s  to  have  been  doubtful,  he  places  as  the  summit  mem- 
ber of  the  Huronian  series.  The  entire  succession  he  divides  into  three 
portions,  beginning  below  or  to  the  north,  as  follows :  Lower  Huronian, 

>  Geol.  Michigan,  vol.  1, 1873,  pp.  167-162.    See  also  atlas  to  the  Hame,  PL  4. 

>6eol.  Wisconsin,  vol.  3, 1880,  pp.  430-883 ;  also  atlas.  Pis.  28-30. 

*  Geol.  Michigan.  toL  1, 1873. 

*Geol.  Wisconsin,  vol.  3, 1880,  p.  621.  ,>  j 
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5,200  feet ;  Middle  Haroaian,  3,100  feet;  Upper  Huronian,  10,700  feet; 
makiDg  in  all  a  maxiQinin  thickness  of  19,000  feet  beneath  the  apper  or 
floathem  ^auite.  The  surface  distribution  of  the  uppermost  of  these 
tiaee  divisioDS  corresponds  almost  exactly  with  the  areas  of  greenstone 
schists  indicated  upon  the  outline  map  herewith  (PI.  II).  The  more  north- 


HURONIAK 
Via.  2.  Hypothetical  section  of  the  Menominee  region  In  the  vicinity  of  Twin  Falls,  according  to 
Bnwks.    Scale  13,000  feet  to  the  inch.    Lettera  and  shadings  have  the  same  significations  as  in  Fig.  1. 

era  wea  of  greenstone  schists,  namely,  that  which  is  sectioned  by  the 
Menominee  river  at  Twin  Falls,  is  made  on  Brooks's  structural  sketches 
to  be  brought  to  view  by  a  synclinal  depression  of  the  strata.  For  this 
▼lew  of  the  structure  of  the  region  there  never  was  any  other  support 
than  the  very  slight  departure  from  verticality  towards  the  south  of 
the  schistose  structure  of  the  southern  greenstone  schists  and  a  pre- 
?ailing  similar  inclination  in  the  detrital  iron  bearing  series  proper. 
5o  contacts  of  the  different  kinds  of  rocks  were  observed  to  support 
Brooks's  hypotheses  as  to  the  relatively  high  position  of  the  greenstone 
schists  and  southern  granite,  between  which  and  the  other  stratiform 
roeks  there  is  indeed  usually  a  wide  belt  of  country  without  exposures. 
Od  the  other  hand,  the  extraordinary  similarity  of  these  greenstone 
schists  to  those  which  Brooks  regarded  as  underlying  the  entire 
Marquette  series  appears  to  have  been  disregarded,  as  also  was  the 
complete  similarity  between  the  northern  and  southern  granites,  and 
again  between  the  contact  of  the  southern  granite  with  the  green- 
stone schists  next  to  it,  and  the  Corresponding  contact  in  the  Marquette 
region. 

RoDiinger.  who  f61h)wed  Brooks  in  the  Menominee  region  in  1880 
and  published  an  account  of  his  observations  in  1881,  appears^  to  have 
realized  very  vividly  the  difficulties  met  with  in  accepting  Brooks's 
stnictaral  hypothesis.  He  represents  all  of  the  greenstone  schists  of 
the  region  as  belonging  at  the  base  of  the  entire  stratiform  series,  and 
as  equivalent  in  position  and  nature  with  the  similar  rocks  of  the  Mar- 
quette region.  The  northern  and  southern  granites  Bominger  looks 
npon  as  the  same,  and  as  intrusives  of  a  date  later  thau  the  accumulation 
of  the  entire  stratiform  succession.  As  to  origin,  he  evidently  looked 
apon  the  greenstone  schists  as  altered  sedimentaries,  assiguing  the 
relatively  great  alteration,  which  on  this  view  they  must  be  assumed 
to  have  undergone,  to  the  action  of  the  later  granitic  bosses ;  in  which 
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Tiew  he  fails  quite  to  explain,  as  he  does  ia  the  case  of  the  Marqaette 
region,  how  the  southern  granite  of  the  Menominee  area  should  have 
produced  so  great  alterations,  while  that  on  the  north  comes  in  contact 
with  wholly  unaltered  detrital  rocks,  to  which  moreover,  as  Brooks  had 
previously  shown,  it  furnishes  an  abundance  of  detrital  material.  ITii- 
fortunately,  though  describing  carefully  very  many  exposures  not  re- 
corded on  Brooks's  map,  Bomingec  gives  no  sections  indicative  of  his 
views  as  to  structure.  Just  what  his  ideas  were  in  this  respect  it  is 
not  easy  to  make  out  from  his  descriptions,  but  it  appears  evident  that 
with  him  the  greenstone  schists  lie  at  the  base  of  the  succession ;  that 
they  are  next  succeeded  in  order  by  those  slates  which  lie  about  Lake 
Hanbury;  that  these  are  succeeded  by  the  great  ore  horizon,  and  this 
by  the  great  limestone  bed  of  the  region  with  a  thickness  of  a  thousand 
feet  and  more.  Thus  he  reverses  entirely  the  succession  as  given  by 
Brooks,  and  as  it  appears  in  nature  so  far  as  the  limestone  and  ore 
belts  are  concerned.  What  stratigraphical  position  Bominger  would 
give  to  those  great  masses  of  quartzite  which  liid  adjacent  to  the  northern 
granite  in  Menominee  belt  I  have  not  been  able  to  understand  distinctly 
from  his  descriptions.  The  Twin  Falls  greenstone  schists  he  would 
place  along  with  the  Quinnesec  series  at  the  base  of  the  entire  suoees- 
sion,  bringing  them  to  the  surface  by  an  anticlinal  instead  of  a  syn- 
clinal fold,  such  as  is  resorted  to  by  Brooks.  The  following  paragrafdis 
are  quoted  from  Bominger,'  as  indicative  of  his  views  upon  these  points : 

A  saperpofiitionofthediorite  formation  on  the  Lake  Hanbury  rock  series,  which 
adjoins  in  the  whole  length  of  the  Menominee  valley  from  the  upper  Qninneseo  Falls 
to  the  Sturgeon  Falls,  asserted  by  Mi^r  Brooks,  is  not  observable ;  the  nearly  verti- 
cal strata  of  both  formations  are  even  never  seen  in  contact.  There  is  alwt^ya 
quite  a  large  covered  interval  between  them.  The  nearest  exposures  of  the  two  gtonps 
are  observable  in  Sec.  *26,  T.  39,  B.  29,  where,  in  the  center  of  the  section,  a  hill  is  formed 
of  the  vertical  ledges  of  fermgino-siliceons  flagstones  and  slaty  beds  representing  the 
Lake  Hanbnry  series,  and  about  two  or  three  hundred  steps  from  these  exposures  we 
find  on  the  south  side  of  the  road  to  Menominee  small  hillocks  of  diorite.    •     •     • 

My  reasons  for  holding  the  dioritic  rocks  south  of  the  iron  forination  as  older 
than  the  latter  are  based  on  the  lithological  similarity  of  this  formation  with 
the  dioritic  group  of  the  Marquette  district  and  on  the  degree  of  metamorphism  ex- 
hibited by  the  two  groups,  the  dioritic  and  the  iron- bearing.  In  the  great  suocession 
of  strata  commencing  with  the  Hanbnry  slate  group  and  upward  we  rarely  find  a 
bed  so  much  altered  that  its  sedimentary  structure  is  altogether  obsolesoed,  and  the 
majority  of  the  strai^  shows  it  very  plain,  while  in  the  dioritic  rocks,  considered  to  be 
the  younger,  a  stratified  structure  is  also  recognizable,  but  not  one  of  these  thousands 
of  feet  of  ledges  exhibits  its  original  sedimentary  lamination  with  any  degree  of  dis- 
tinctness like  the  others ;  they  have  evidently  been  transformed  under  cooperation 
of  heat  and  partially  brought  into  a  plastic  condition,  which  is  shown  by  the  ex* 
treme  corrugation  and  mode  of  intermixture  of  those  rock  masses,  of  which  effects  the 
other  rock  groups  do  not  exhibit  near  as  high  a  degree.  It  would  be  very  svrange, 
then,  if  the  lowest  beds  nearest  to  the  focus  of  the  central  heat  should  have  been  so 
much  less  affected  by  these  altering  influences  than  those  pretended  to  be  the  higher 
upper  strata  of  the  rock  crust.  One  might  object :  If  the  diorites  are  the  older  beds, 
why  don't  we  find  them  just  as  well  developed  on  the  north  side  of  the  upheaved  beds 
between  the  quartzite  and  the  granite?    The  sandy  and  conglokneratio  nature  of 

>  0«ol.  Survey  Michigan,  vol.  4,  18«l,pp.  208-21^.  ^^^^^^^^ 
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wBBf  of  tbe  «tr»ta  o£  the  qoftrtoiie  ftDd  iron  formation  proves  them  to  be  shOTe  depos- 
its, wluje  the  dioritio  groap  consists  only  of  the  finer  material  of  deep  sea  deposits, 
which  Qxplainfl  the  point  in  qaestion.  Moreover,  the  dioritio  rocks  are  not  altogether 
flusBng  on  the  north  side  of  the  ore-formation,  as  we  can  see  by  the  occurrence  of  the 
6-aiile-loiig  chain  of  diorite  extending  eastward  from  the  Twin  Falls.  A  similar  dis- 
fxtfpmacj  between  the  rocks  underlying  the  ore-formation  on  the  two  opposite  sides 
«f  its  exposure  is  seen  in  the  Negannee  district.  On  the  sontb  margin,  at  the  Cas- 
•eada  and  Palmer  mines,  it  rests  directly  on  the  granite,  while  on  the  northern  expo- 
fuesthe  diorite  underlies  it  in  great  thickness. 

The  eqniJ  dip  of  the  strata  to  the  south  in  these  adjoining  formations  is  not  neces- 
tsrily  a  proof  of  the  younger  age  of  the  most  southern  beds.  The  whole  succession  is 
so  near  to  a  vertical  position  that  in  many  instances  it  has  to  be  left  uncertain  which 
way  they  dip,  but  suppose  their  dip  is  conformably  to  the  south ;  the  upheaval  of  the 
diorites  by  the  emptiou  of  the  still  more  southern  granite  masses  pushing  the  whole 
ioeambent  roek-series  north  until  all  tipped  over  is  the  hypothesis  by  which  I  explain 
the  order  in  the  succession  of  beds  as  an  inverted  one,  the  seemingly  lowest  beds  being 
ietoally  the  youngest. 

In  my  own  studies  in  the  Menominee  region,  made  in  the  snmmers  of 
1883  and  1885, 1  became  early  impressed  with  the  close  similarity  be- 
tween the  greenstone  sphists  of  the  Menominee  Kiver  and  those  which 
QBderlie  the  iron-bearing  series  of  Marqaette ;  with  the  entire  similar- 
ity  between  the  rest  of  tbe  stratiform  rocks  of  the  region  and  those  of 
the  Marqaette  district ;  with  tbe  essential  identity  in  character  of  the 
gnnite  areas  lying  respectively  on  the  northern  and  southern  sides  of 
the  Menominee  Biver ;  with  the  granitic  intrusions  met  with  in  the  green- 
stooe  schists  borderiog  the  southern  granite,  and  with  the  striking  con- 
tiast  between  the  nature  of  this  contact  and  that  of  the  northern  gran- 
te  with  the  detxital  rocks  which  border  it  to  the  south.  In  the  latter 
ease  the  granite,  instead  of  sending  intrusions  into  tbe  rocks  which 
rest  against  it,  has  fomished  fragments  to  them,  as  may  be  most  beau- 
tifiilly  seen  at  the  Falls  of  Sturgeon,  Sturgeon  Biver,  on  the  eastern  side 
of  See*  8,  T.  39,  B.  28  W.,  Michigan.^    These  considerations  naturally 

'¥orpreyioiu  deacriptions  of  the  striking  ocoorrenoes  at  the  Falls  of  Sturgeon,  Sturgeon  River, 
MsOedner  in  **I>ie  Torsllutischen  Oebilde  der  oberen  Halbinsel  yon  Michigan,"  Zeitachrift  der 
THwiwIwn  geologiflchen  OeseUochaft,  vol.  21, 1869,  p.  521,  et  seq. ;  also  T.  B.  Brooks,  in  GeoL  Wisconsia 
«iL3.U80,  pp.  467,  466,  and  Atlas,  PL  38;  also,  see  Sominger,  Geol.  Michigan,  voL  4,  p.  192.  Tbe 
frft*^  ftagments  at^is  ]^oe  ocoiir  in  a  fine-grained  slatj  rock,  in  which  there  is  a  great  deal  of 
MDcitie  material,  which  at  times  gives  the  slate  somewhat  the  look  of  a  crystalline  schist.  This  fact, 
siMg  with  the  alight  inclination  from  the  vertical  towards  tbe  north,  and  tborefore  towards  the  gran- 
ite, whioh  is  so  largely  exposed  fkrther  np  the  stream,  led  Credner  to  include  these  conglomeratic  lay- 
Mi,  almg  with  the  gnnite,  as  Lanrentian,  the  great  qnartzite  mass  farther  south  being  taken  by  him 
m  tte  baeeraent  meml>erof  the  Huronlan.  Brooks,  however,  objects  to  this  conclusion,  considering 
Act  tke  oonglomeratos  to  be  seen  at  this  place  are  genuinely  basal  conglomerates,  and  tbat  they  form 
ttelowcatportloB  of  the  Hnronian  region.  To  support  this  view,  Brooks  draws  attention  to  the  fre- 
^gamt  treoMCtoas  nalnrtot  the  conglomeratic  slates;  their  ripple-marked  surfaces;  their  generally 
Stfie  attsred  appearance ;  their  parallelism  of  strike  with  the  admitted  Haronian  beds  farther  south, 
a^  tlw  lackjof  parallelfsm  between  this  strike  and  snoh  structures  as  is  to  be  seen  in  the  granitic  and 
i  Toeks  on  the  north.  Bominger's  description  corresponds  with  that  of  Brooks,  except  that  he 
ft  to  daseribe  a  granitic  mass  or  sheet  as  oocurring  interleaved  with  the  couglomorutes  themselves, 
t  ibr  which,  in  my  examinations,  I  could  find  no  support  whatever.  Rominger,  however, 
I  tba  greater  recency  of  all  the  granite  as  compared  with  all  the  strati  rorm  rocks  was  an  ac« 
1  eoocliulon,  explains  the  occurrences  as  he  saw  them  by  the  singular  supposition  that  "  we  have 
fcan  eridesitly  a  series  of  sedimentary  beds,  deposited  on  a  granitic  subatratuui,  vvbioh,  during  the  up- 
Itttat  1»0ena€  wedged  in  bet freen  the  plastic  granite  mass,  tilting  and  over1ai>ping  tlieni  locally  ho  as 
r  aa  tbe  lower  beds,"  thus  making  the  same  granite  yield  fragments  to  the  sedlmentaries.  and 


flbw^wBUy  intnide  them.   It  ahoald  be  enid  tbat  the  ezamioatloDs  of  th^B<»yeral  geologists  jf^ 
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led  me  to  the  oonclasion  that  the  whole  stracture  in  this  district  is  sim- 
ilar to  that  already  described  as  obtamiog  in  the  Marqaette  region, 
nameljy  that  the  granitic  masses  had  iDtraded  themselves  in  the  shape 
of  great  bosses  into  rocks  now  represented  by  the  greenstone  schists, 
after  which  followed  a  protracted  period  of  disturbance  and  denudation 
before  the  deposition  of  the  overlying  detrital  and  iron-bearing  rocks 
of  the  region.  Taking  Major  Brooks's  detailed  map  of  the  Menominee 
district,  pablished  in  the  atlas  of  the  Wisconsin  survey,  I  platted  apoo 
it  all  of  the  exposures  described  by  Bominger  and  not  mapped  by 
Brooks,  which  exposures  amount  in  all  to  a  large  number.  Examining^ 
then,  the  more  important  of  the  exposures  of  the  region,  I  encountered 
still  others,  which  were  also  platted  upon  the  same  map.  Two  sections 
were  then  constructed  across  the  district  from  southwest  to  northeast, 
upon  which  wereplatted  all  of  these  exposures,  with  their  dips ;  and  it 
should  be  said  that  very  many  new  facts  in  this  direction  have  been 
developed  of  late  years  by  mining. 


s,w  o 


Fio.  8.  Hypothetical  section  of  the  Meoominee  region  in  the  vicinity  of  Qninnesec  Valley,  aooord< 
ing  to  B.  D.  Irving.  A,  basal  serioitic  quarts  slates ;  B,  qaartsite;  C,  limestone;  D,  iron  horison  ^  S, 
slates  and  qnartzites ;  6,  granite  and  Sch.,  schists  of  the  Laorentian.    Scale,  13,000  feet  to  the  incli. 

It  has  thus  become  evident  that  a  structure  such  as  is  indicated  in 
the  accompanying  Fig.  3  would  not  only  coincide  with  the  recorded 
facts  as  well  as  the  sections  of  Brooks  above  given,  but  very  much  bet- 
ter than  those. 

made  withont  the  study  of  thin  sections  of  the  slaty  rocks  here  exposed.    When  examined  microscopi. 
cally.  these  rocks  show  their  completely  fragmental  natare,  all  the  alteration  that  they  have  under- 
gone having  heen  in  the  nature  of  a  metasomatic  development  of  mica  flakes.    Both  hand  specimena 
and  thin  sections  of  these  slates,  moreover,  show  a  most  striking  similarity  hetween  them  and    the 
slaty  rocks  which  freqaontly  lie  at  the  base  of  the  Penokee  series  of  northern  Wisconsin  and  Michi* 
gan,  where  they  are  often  in  contact  with  granitic  rocks,  of  which  they  hold  fragments.    Similar  slsitea 
aro  met  with  in  a  number  of  places  at  the  base  of  the  iron-bearing  series  of  the  Marquette  region.      A  a 
seen  at  the  Sturgeon  Falls,  these  slates  are  at  times  fine  grained  and  thinly  laminated,  arenaceous  aia«l 
sericitic.  and  again  more  closely  grained  and  of  a  vitreous  quartzitio  appearance,  in  which  cases  the^ 
predominating  quarts  fragments  have  been  cemented  together  by  secondary  enlargement.  Their  entire  I 
ackof  anything  like  metamorphism  is  perfectly  plain,  even  without  the  examination  of  the  thin   aec-  J 
tion,  to  any  one  who  has  studied  many  sections  of  such  rocks  fh>m  the  Lake  Superior  coutitry.     The  1 
pebbles  in  these  slates  are  arranged  in  bands,  with  intervening  less  pebbly  or  non-pebbly  portions,  { 
which  portions  are  the  onos  which  show  particularly  the  ripple-marked  surfaces.    The  pebbles  aro  in  | 
the  main  of  »  pinkish  granite  and  gneiss,  wholly  identical  with  the  mass  of  granite  and  gneiss  against 
which  they  lie,  but  include  also  a  smaller  number  of  pieces  of  whito  quartz  and  of  a  fine-grained  green, 
stone  or  greenstone  soliist.    Entirely  similar  quartz  occurs  in  seams  in  the  granite  close  by,  as  do  alsoj 
masses  of  greenstone  and  greenstone  schist.    Not  only  these  pebbles,  but  the  whole  make-up  of  th^ 
finer  portion  of  the  rock,  make  it  entirely  evident  to  me  that  we  have  here  to  do  with  a  detritus  deri  vetlj 
by  water  action  from  the  granitic  andgneissio  area  immediately  to  the  north.    The  slight  inclination'J 
away  from  the  vertical  towards  the  granite  which  these  conglomeratic  slates  sometimes  show  is,   of 
coarse,  no  argument  against  their  having  been  deposited  upon  that  granite  as  ^  snbstratmn. 
^  Digitized  by  VjOOQIC 


THE  GREENSTONE  SCHIST  AREAS  OF  THE  MENOMINEE  AND 
MARQUEHE  DISTRICTS,  MICHIGAN. 


By  Geobge  Hxjntinqton  WnxuMs. 


INTRODUCTION. 

This  memoir  is  intended  as  a  contribation  to  the  subject  of  dynamic 
or  regional  metamorphism.  It  contains  the  resnlts  of  a  careful  study, 
both  in  the  field  and  in  the  laboratory,  of  an  extensive  series  of  erup- 
tire  rocks,  for  the  most  part  of  basic  character.  Although  the  original 
diaracter  of  these  rocks  is  still  evident,  they  are  to  a  large  extent 
deavable,  and  the  production  of  this  secondary  feature  has  been 
aeeompanied  by  more  or  less  extensive  chemical  and  structural  altera- 
tioiis. 

It  is  tiie  aim  of  this  paper  to  trace  each  of  the  rock  types  repre- 
sented within  the  areas  studied  from  its  least  altered  to  its  most 
altered  form,  and  to  discuss  what  may  have  been  the  agencies  which 
prodaoed  the  changes  noticed. 

The  rocks  selected  as  likely  to  throw  additional  light  upon  the  meta- 
Dorphism  of  eruptive  masses  are  so-called  *' greenstones''  and  *' green- 
stone schists,"  which,  in  association  with  certain  more  acid  types,  cover 
extensive  districts  on  the  south  shore  of  Lake  Superior,  where  they 
lie  immediately  beneath  the  iron-bearing  strata.  Two  distinct  and 
^arply  defined  areas  of  these  rocks  were  chosen  as  typical  of  the 
Tbde  formation.  Particulars  regarding  their  geographical  positions 
^  their  geological  relationships  have  already  been  given  by  Professor 
Irfing  in  his  preliminary  note.  In  the  first  area,  situated  on  the 
Me&ominee  Biver,  the  eruptive  character  of  the  greenstones  and  green- 
stone schists  is  plainly  evident ;  within  the  second  area,  near  the  city 
of  Marquette,  the  original  character  of  the  rocks  is  much  less  apparent. 

The  investigations,  the  results  of  which  are  embodied  in  this  mem- 
or,  were  first  suggested  to  me  in  the  spring  of  1885  by  the  late  Prof. 
&. D.Irving,  while  he  was  in  charge  of  the  Lake  Superior  division  of 
Ae  U.  S.  G^eological  Survey.  Their  aim  was  to  discover,  if  possible, 
tbemgin  of  the  greenstone  schists  of  the  Lake  Superior  region,  and 
tt  the  same  time  to  afford  a  contribution  to  our  knowledge  of  the  meta- 
morphism of  basic  eruptive  rocks  in  general.  In  the  latter  sense  they 
form  a  continuation  of  the  writer's  earlier  studies  of  the  less  altered 
gibbros  occurring  near  Baltimore,  Maryland.' 
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Three  weeks  of  the  field  aeason  of  1885  were  spent  in  the  Menomi- 
nee Valley,  and  four  weeks  of  1886  in  the  neighborhood  of  Marquette. 
During  this  time,  with  the  assistance  of  Pro£  W.  S.  Bayley,  the  rocks 
were  examined  in  the  Qeld,  and  ample  material  was  collected  for  their 
laboratory  study,  which  was  carried  on  at  the  Johns  Hopkins  Uni- 
versity, Baltimore,  Maryland,  during  the  winters  of  1885-'86  and  ISSN- 
'S?, at  such  times  as  could  be  spared  from  regular  university  duties. 
The  entire  investigation  has  been  conducted  under  the  auspices  of 
Professor  Irving,  for  whose  uniform  kindness  and  constant  readiness  to 
supply  every  facility  for  the  work  I  gladly  take  this  opportunity  of 
expressing  my  sense  of  deep  obligation.  My  thanks  are  also  due  to 
Maj.  T.  B.  Brooks  and  to  Prof.  Raphael  Pumpelley  for  the  loan  of 
microscopic  sections  of  the  Marquette  and  Menominee  rocks,  prepared 
during  the  coarse  of  the  Wisconsin  State  Geological  Survey ;  and  to 
Mr.  Andrew  0.  Lawson,  Ph.  D.,  lately  of  the  Canadian  Geological  Sur- 
vey, for  the  opportunity  to  make  a  comparative  study  of  closely  allied 
rocks  from  the  Lake  of  the  Woods  and  the  Bainy  Lake  regions. 

I  feel  that  no  especial  apology  is  needed  for  the  constant  use  through- 
out this  paper  of  the  term  ^^  greenstone."  An  opinion  prevails  that  this 
word  Is  antiquated  and  not  consistent  with  the  scientific  accuracy  now 
obtainable.  The  very  indefiniteness  of  this  designation,  however,  con- 
stitutes its  chief  value.  It  is  essentially  a  field  term,  such  as  it  is  not 
only  desirable  but  absolutely  necessary  to  employ.  It  is  often  impos- 
sible to  state  with  certainty  in  the  field  whether  a  given  basic  massive 
rock  is  a  gabbro,  a  diabase,  or  a  diorite ;  indeed,  where  such  masses  have 
undergone  extensive  metamorphism,  as  in  the  regions  here  studied,  even 
the  most  careful  microscopical  and  chemical  investigation  may  prove 
inadequate  to  disclose  what  was  the  original  form.  Wherever  accurate 
diagnosis  was  possible,  correspondingly  definite  terms  have  always 
been  employed ;  but  for  use  in  the  field  or  where  the  processes  of  alter- 
ation have  obscured  the  original  character  of  the  rock  beyond  recogni- 
tion, an  intentionally  indefinite  designation  is  necessary.  For  such  a 
purpose  it  is  believed  that  no  term  is  better  fitted  than  the  ancient  and 
much  abused  **  greenstone.'' 

For  convenient  reference  the  specimen  numbers  beloilging  to  the  col- 
lections of  the  Lake  Superior  division  of  the  U.  S.  Geological  Survey 
are  here  appended. 

1.  Menominee  Valley 11000-11196 

Sturgeon  Falls 11153-11174 

Little  Quinneseo  Falls ^ 11000-11048;  11098-11103 

Big  Qainnesec  Falls 11049-11085 

Horse  Race 11086-11096;  1118S^-11196 

Four  Foot  Falls 11142-11152;  11175-11181 

Twin  Falls 11120-11141 

2.  Marquette  region ,..., 11610-11864 

Marqnette  area 11610-11734 

Negauneearea ,. 11735-11814 

Northern  area 11813-11864  . 

3.  AgglomerateB  of  Deer  Lake 12023-'1^05^l^ 
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The  material  embodied  iu  the  present  paper  will  be  arranged  in  three 
separate  divisions. 

L  In  chapter  one  the  importance  of  the  service  which  the  microscope 
is  capable  of  rendering  toward  the  solution  of  the  questions  of  archsean 
geology  will  be  indicated  and  a  summary  presented  of  the  chief  results 
already  obtained  by  various  workers  in  this  field. 

2.  In  chapters  two,  three,  four,  and  five  the  observations  collected 
during  an  extended  study  of  the  rocks  of  the  two  areas  selected  will 
be  ^ven  in  detaiL 

3.  In  chapter  six  a  connected  discussion  of  these  results  will  be  at- 
tempted,  and  a  comparison  of  them  with* those  reached  by  other  observ- 
ers, as  enamerated  in  chapter  one,  will  be  made. 
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CHAPTER   1. 

PRESENT  STATE  OF  OUR   KNOWLEDGE    REGARDING  THE  META- 
MORPHISM  OF  ERUPTIVE   ROCKS.  ^ 

VALUE  OF  THE  MICEOSCOPB  IN  THE  STUDY  OF  METAMORPHISM. 

In  comparison  with  the  results  which  have  been  obtained  daring 
nearly  a  century  of  patient  research  among  sedimentary  deposits, 
the  progress  thus  far  made  in  the  domain  of  archean  geology  ap- 
pears small.  Theories  of  the  origin  of  the  so-called  crystalline  schists 
are  almost  as  numerous  as  the  investigators  who  have  examined  them, 
and  yet  the  more  extensive  and  critical  the  studies  of  these  rocks 
become  the  moft  obscure  and  anomalous  do  they  appear.  So  varied 
are  the  facts  which  Nature  presents  to  the  observer  in  the  oldest  rocks 
of  the  planet  that  the  conviction  is  soon  reached  that  no  single  hypoth- 
esis or  explanation  can  account  for  them.  It  is  therefore  from  no  lack 
of  interest  attaching  lo  the  study  of  pre-fossiliferous  rocks  that  they 
have  heretofore  yielded  so  little  fruit,  but  rather  from  the  insurmount- 
able difficulties  which  have  stood  in  the  way  of  their  satisfactory  inves- 
tigation. That  the  study  of  fossils  has  made  up  so  large  a  part  of  what 
has  been  known  as  geology  is  the  result  rather  of  necessity  than  of 
choice.  The  lack  of  exact  and  delicate  methods  of  lithological  research 
has  confined  the  attention  of  investigators  to  those  formations  where 
litholofiical  characters  are  of  little  value  on  account  of  the  presence 
of  other  and  more  certain  guides.  The  basement  underlying  all  of  the 
fossiliferous  rocks  has,  therefore,  remained  well-nigh  a  terra  incognita^ 
because  there  seemed  to  be  no  available  means  of  exploring  it. 

The  recent  multiplication  of  refined  methods  for  the  investigation 
of  crystalline  rocks,  however,  has  opened  an  almost  new  field  of  geo- 
logical inquiry.  The  difficult  and  obscure  problems  here  presented 
may  now  be  attacked  by  truly  scientific  methods.  The  prophecies 
which  Hermann  Vogelsang  made  in  1867*  for  the  new  departure  in 
geology  have  been  more  than  realized  within  the  last  twenty  years. 
The  almost  new  science  of  petrography  may  be  said  to  have  proved 
itself  capable  of  rendering,  in  the  study  of  the  crystalline  rocks,  a  serv- 
ice equal  to  that  which  paleontology  has  already  given  in  the  de- 
ciphering and  correlating  of  the  fossiliferous  strata. 


*  Thia  chapter  was  writt€»ii  a^it  now  st.indH,  oxcopiiag  aa  occasional  foot  note,  in  1887. 

*Die  Philoaophie  der  Geologie,  Pt.  3,  Moderne  Geolo^io  oder  mikroakoplsche  Gesteinwtadien. 
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Petrography,  in  its  rapid  development  since  the  introduction  of  the 
microscope,  has  already  passed  through  two  distinct  periods  and  is 
now  entering  upon  a  third  and  most  important  stage.  At  first  methods 
had  to  be  perfected  for  identifying  the  various  constituents  of  crystal- 
line rocks.  During  this  stage  the  science  was  purely  mineralogical, 
although  its  methods  were  necessarily  somewhat  different,  both  in  their 
nature  and  in  their  application,  from  those  of  ordinary  mineralogy.  The 
attainment  of  this  end  required  the  study  of  a  vast  amount  of  material 
wholly  without  reference  to  its  geological  significance.' 

The  second  period  in  the  development  of  petrography  was  occupied 
with  the  investigation  of  practically  unaltered  rock-types,  i.  e.,  of  rocks 
in  which  the  minerals  and  structure  produced  by  their  original  solidifi- 
cation are  still  readily  discernible.  It  has  been  found  from  such  studies 
that  the  relationship  of  the  component  minerals  to  one  another,  or  rock- 
structure,  expresses,  to  a  large  degree,  the  circumstances  under  which 
the  original  solidification  took  place,  and  hence  the  importance  of  the 
second  stage  in  the  development  of  modern  petrography. 

The  most  important  problems  presented  by  an  unaltered  massive  or 
igneous  rock  relate  to  (1)  its  chemical  composition  and  (2)  to  the  con- 
ditions under  which  it  was  formed.  The  composition  expresses  itself, 
in  a  general  way,  in  the  nature  of  the  component  minerals,  while  phys- 
ical conditions  attendant  upon  the  formation  of  the  rock  may  be  traced 
in  its  structure.  Each  of  these  has  therefore  been,  in  turn,  the  partic- 
ular object  aimed  at  during  the  first  two  periods  of  pt>trographical  re 
searoh. 

But  if  petrography  were  able  to  solve  satisfactorily  all  the  problems 
preseuted  by  the  unaltered  massive  rocks,  it  would  even  then  be  pre- 
pared only  to  commence  its  most  difficult  and  most  important  mission. 
BockB  are  in  reality  far  from  being  the  dead,  inert,  stationary  masses 
which  they  appear  to  the  ordinary  observer.  The  fascinating  study  of 
chemical  geology,  especially  when  aided  by  the  microscope,  shows  them 
to  be  in  a  state  of  almost  constant  change.  It  is  true  that  some  of  the 
oldest  rocks  seem  to  have  suffered  hardly  any  alteration  since  they 
were  first  formed,  but  most  of  them  are  ever  active  laboratories  where 
old  products  are  being  pulled  to  pieces  and  new  ones  built  up.  The 
tracing  out  cf  such  changes  is  an  Important  aim  of  petrography  in  its 
present  stage. 

The  student  at  the  microscope  wonders  at  the  minute  bubbles  which 
he  so  often  finds  inclosed  in  the  little  cavities  in  quartz.  So  delicately 
are  they  poised  that  they  are  sensitive  to  all  the  slight  oscillations  of 
temperature  that  constantly  pass  through  the  microscopic  section,  and 
the  little  prisoners  keep  up  a  never-ending  movement,  as  though  beaf- 


*The  writer  ha«  eiven  an  aoconnt  of  the  development  of  tbeae  methods  in  ft  Hmall  pamphlet,  entitled 
*Mo4leni  Petrography,"  pablisbed  ae  Na  1  of  the  Monographs  of  Ednoation,  by  Heath  &  Co.,  of 
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ing  i>gainBt  every  side  of  their  uarrow  cell  iu  the  vaiu  search  for  an 
exit.  Scarcely  less  delicate  seems  to  be  the  equii)oise  betweeu  the  va- 
rioas  chemical  compounds  iu  the  earth's  crust  aud  the  surrounding 
physical  conditions  under  which  they  exist.  Like  the  constant  changes 
of  temperature  which  pass  through  the  slide  are  the  changes  in  physi- 
cal conditions  to  which  a  rock-mass  is  subjected.  With  these  comes  a 
state  of  more  or  less  unstable  equilibrium  to  the  chemical  componnds, 
and,  like  the  vibrations  of  the  bubble,  molecular  movements  and  re- 
aiTangements  result. 

There  are  two  distinct  kinds  of  alteration  which  take  place  in  a  solid 
rock-mass,  dependent,  of  course,  on  the  nature  of  the  changed  physical 
conditions.    These  are : 

(1)  Metamorphism  ;  or  the  passage,  under  circumstances  of  high  tem- 
perature or  pressure,  or  both,  of  less  crystalline  into  more  crystalline 
compounds ;  or  the  change  of  minerals  into  others,  not  less  crystalline 
or  insoluble  than  themselves. 

(2)  Decomposition  or  tceathering ;  the  passage,  under  ordinary  at- 
mospheric conditions,  of  crystalline  rock  constituents  into  compounds 
less  crystalline  and  more  soluble  than  themselves.  This  is  accomplished 
generally  by  hydration  or  carbonatization. 

Both  of  these  processes  are  frequently  seen  to  have  gone  on  m  suc- 
cession in  the  same  rock-mass,  the  latter  more  or  less  completely  ef- 
facing the  effects  of  the  former.  While  distinct,  both  iirocesses  agree 
in  being  atomic  and  molecular  rearrangements  in  a  solid  mass,  necessi- 
tated by  some  change  iu  external  conditions.  The  differences  in  these 
conditions,  however,  produce  widely  different  results;  and  all  of  these 
again  are  essentially  different  from  those  produced  by  the  solidificatioii 
of  a  liquid  magma. 

The  student  of  the  crystalline  rocks  can  distinguish  in  a  general 
way  four  classes  of  constituent  minerals,  and  this  is  true  in  spite 
of  the  fact  that  the  same  species  may  be  represented  in  two  or  more  of 
these  classes. 

(1)  Original  minerals  of  the  acid  rocks,  formed  by  solidification  of  a 
magma  in  a  state  of  aqueo-igneous  fusion  or  by  the  aid  of  miner^- 
izers ;  e.  g.,  quartz,  orthoclase,  mica,  zircon,  etc. 

(2)  Original  minerals  of  the  basic  rocks,  formed  from  a  state  of  dry 
fusion ;  e.  g.,  plagioclase,  augite,  olivine,  etc. 

(3)  Metamorphic  minerals,  formed,  as  above  explained,  from  original 
minerals ;  e.  g.,  hornblende,  albite,  biotite,  zoisite,  garnet,  staurolite, 
andalusite,  etc. 

(4)  Decomposition  minerals ;  e.  g.,  chlorite,  quartz,  carbonates,  the 
hydroxides,  etc. 

Such  a  division,  though  necessarily  not  a  sharp  one,  is  still  not 
unwarranted  and  shows  how  it  is  possible,  with  the  aid  of  the  micro- 
scope,  not  merely  to  study  the  composition  of  a  rock  iu  its  component 
minerals,  or  the  conditions  under  which    it  was  first  formed  in  its 
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Structure,  but  also  to  trace  out  life  histories.  We  may  discover  not 
only  the  conditions  under  which  a  rock-mass  solidified,  but  we  may 
learn  as  well  something  of  all  the  conditions  to  which  it  has  subse- 
quently been  subjected. 

Metamorphism,  or  the  recrystallization  of  rocks,  whether  massive  or 
stratified,  igneous  or  sedimentary,  is  as  varied  in  its  results  as  the 
materials  acted  upon  and  the  agencies  which  produce  it.  How  true 
this  is  may  be  seen  where  the  cause  of  the  change  is  local  and  well 
understood,  as  in  the  numerous  instances  of  con  tact- metamorphism 
which  have  been  studied  in  detail  during  the  last  fifteen  years.  Here 
the  alteration  produced  by  the  same  eruptive  mass  is  different  in 
a  shale  from  that  in  a  sandstone,  and  in  each  the  alteration  is  quite 
distinct  from  that  produced  in  a  limestone.  If  intrusive  rocks  fall 
within  the  range  of  influence,  the  effects  produced  in  them  are  again 
different ;  while  still  wider  variations  are  noticeable  if  the  character  of 
the  active  or  metamorphosing  rock  be  changed.  This  may  be  seen  in 
the  contrast  between  the  effect  produced  by  a  mass  of  granite  and  a 
mass  of  diabase  upon  the  same  jsurrounding  rock.  Still  other  differ- 
ences are  traceable  to  the  probable  action  of  vapors,  as  in  the  case  of 
a  local  development  of  tourmaline  or  topaz  within  the  limits  of  a  granite 
eontact  zone. 

How  much  greater  then  might  we  expect  the  differences  to  be  which 
all  the  complicated  and  imperfectly  understood  conditions  of  regional 
.  metamorphism  produce.  Many  rocks  occupying  large  areas  exhibit  a 
character  very  similar  to  that  of  rocks  which  have  been  produced  by 
a>ntact-metamQrphism,  without  there  being  any  cause  to  which  the 
alteration  can  be  so  directly  attributed.  In  some  schists,  like  those  of 
the  Ardennes  Mountains'  and  those  of  Bergen  in  IN'orway,^  and  in 
many  limestones,  metamorphic  minerals  have  been  extensively  devel- 
oped without  the  total  obliteration  of  organic  remains.  In  the  case 
of  other  rocks,  of  essentially  the  same  character  though  perhaps  more 
erystalline,  the  internal  evidence  or  the  stratigraphical  relations  are 
enough  to  prove  that  they  are  metamorphosed  sediments. 

Many  of  the  so-called  crystalline  schists  present  features  of  both 
eomposition  and  structure  which  are  strikingly  similar  to  those  of 
Toeks  ef  undoubted  metamorphic  origin,  but  nevertheless  we  have  at 
present  but  few  data  for  constructing  a  satisfactory  explanation  of  the 
origin  of  these  enigmatical  formations.  Theorizing  in  regard  to  them 
has  done  its  best,  and  has  succeeded  in  introducing  only  confusion  and 
disagreement.  As  before  remarked,  the  variety  here  is  far  too  great  to 
be  accounted  for  by  a  single  hypothesis,  however  broad.  Many  agencies 
have  been  at  work,  whose  exact  nature  and  importance  only  the  most 
laborious  and  patient  investigation  can  show.    In  working  in  Archean 


*  A.  Bsoard :  Le«  roches  grenatifdreB  et  amphiboUqaes  de  la  r6gion  de  Bastogne.  fiuU.  Mas.  Boy. 
Hist.  ISzt,  Belgique.  1£82,  vol.  i,  pp.  1-54. 
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geology  the  only  safe  method  is  to  free  the  mind  completely  from  all 
traditions  and  theories — to  start  with  the  idea  that  almost  nothing  is 
known  with  certainty  and  that  everything  is  to  be  discovered.  The 
facts  mast  be  most  critically  observed  and  considered,  without  too  great 
a  tendency  to  use  them  at  once  for  the  deduction  of  general  principles. 
Only  such  conclusions  as  can  not  be  doubted  by  any  one  who  will  take 
the  pains  to  examine  the  facts  are  of  real  value  to  the  advance  of  arch- 
eau  geology;  and  every  careful  student  in  the  field  must  realize  how 
slow  and  difficult  such  an  advance  must  be.  Detailed  analyses  of  the 
workings  of  some  well  recognized  agency,  made  where  the  action  has 
been  as  little  as  possible  disguised  and  complicated  by  the  action  of 
other  agencies,  must  yield  valuable  assistance  in  the  penetration  of  the 
mysteries  which  now  everywhere  surround  the  prefossiliferous  forma- 
tions of  the  earth's  crust.  Such  work  has  been  done  in  Europe  and  has 
been  begun  in  America.  The  little  that  has  already  been  accomplished 
in  this  manner  is  full  of  promise  for  the  future.  The  most  striking  ex- 
ample of  work  of  this  kind  is  perhaps  that  of  Lossen  in  the  Hartz 
Mountains,  and  it  is  with  the  sincerest  appreciation  of  his  method  and 
results  that  the  present  studies  have  been  prosecuted. 

If  it  be  granted,  as  it  must  be,  by  every  impartial  observer  that  such 
a  thing  as  regional  metamorphism  does  exist — that  certain  rocks,  when 
they  are  subjected  to  enormous  strains,  and  are  upheaved,  crushed,  and 
crumpled  do  become  more  crystalline  or  have  their  crystallization  al- 
tered— then  we  have  a  well  recognized  agency  whose  particular  results 
are  worthy  of  patient  and  detailed  study.  What  part  regional  meta- 
morphism has  had  in  the  production  of  the  archean  rocks  as  a  whole, 
future  years  must  show.  This  question  lies  wholly  without  my  present 
purpose;  and  yet  it  is  hoped  that  an  extended  investigation  of  a  par- 
ticular phase  of  it  may  aid  in  the  final  solution  of  the  problem. 

The  investigation  was  undertaken  with  a  firm  conviction  of  the  pe- 
culiar advantages  offered  by  eruptive  rocks  for  the  accurate  tracing  of 
progressive  metamorphism,  an  advantage  which  Prof.  A.  K.  Lossen 
seems  to  have  been  the  first  to  emphasize,  if  we  may' judge  from  the 
following  extract  from  one  of  his  papers.    He  says  :* 

I  attribute  the  extreme  value  of  such  metamorphosed  ernptive  rocks  for  the  general 
theory  of  metamorphism  to  the  fact  that  they  are  certainly  known  to  have  been  de- 
rived from  a  solid  rock  of  definite  mineral  aggregation,  average  chemical  composition 
and  structure.  In  the  primary  minerals  and  structures  of  the  igneous  rocks  we  pos- 
sess a  well  known  quantity,  upon  which  we  can  base  our  conclusions — ^a  definite  scale 
according  to  which  the  nature  and  amount  of  those  secondary  minerals  and 
structures  characterizing  the  metamorphic  rocks  can  be  measured.  Frequently 
the  certain,  incontestable  fact  of  pseudomorphism  proves  the  secondary  alteration  of 
these  rocks  in  a  much  more  general  way  than  even  the  very  exceptionally  preserved 
fossil  remains  are  able  to  prove  the  origin  of  metamorphosed  sediments. 

*  Den  hoboQ  Werth  dieser  metamorphischen  Erupt ivgost<^ino  filrdio  Lohre  vom  Metamorpbismus 
fJAnd  ich  darin,  dassoin  vou  RtkUB&ua  fettei  Qegtein  von  gam  bettimmUr  2£ineralaggregatiofi,  chemUcher 
DurehtchnUUzusamtnemetzung  tmd  Slrtictur,  zaverlliaaig  als  ihr  Mattorgestein  angegeben  werden 
kaim.   In  den  primftren  Mineralien  ondprimiU'eu  Straotar«n  derErstanongsgesteine  besitzen  wir  ei&e 
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There  is  no  student  of  mineralogy  who  has  not  beea  struck  with  the 
great  similarity  which  exists  in  the  composition  of  so  many  of  the 
rock-forming  silicates. 

We  have  after  all  a  very  small  number  of  bases  iu  these  silicates  and 
they  are  often  combiued  ia  almost  the  same  proportion  iu  minerals 
which  show  the  greatest  disparity  of  crystal  form,  physical  properties, 
and  mode  of  occurrence.  It  seems  to  be^  oftentimes  more  a  matter  of 
external  condition  rather  than  of  chemical  composition,  which  deter- 
mines what  particular  mineral  is  formed ;  and  the  equipoise  between 
the  existence  of  a  certain  silicate  and  the  external  conditions  is  often 
so  delicate  that  a  mere  change  iu  the  latter  is  alone  sufficient  to  de- 
stroy the  mineral  as  such  and  to  cause  it  to  change  to  some  other  mod- 
ification or  compound.  The  recent  discoveries  of  the  alterations  which 
dimorphons  bodies,  like  leucite  or  tridymite  undergo,  show  how  this 
may  be  accomplished  without  chemical  change.  The  breaking  up  of  a 
mineral  into  an  aggregate  of  two  or  more  is  not  less  common ;  as  for 
example,  the  passage  of  plagioclase  into  zoisite  and  albite  (saussurite), 
or  of  spodumene  into  albite  and  eucryptite  (the  /5-spodumene  of 
Brush  and  Dana.)^  This  subject  has  lately  been  elaborated  by  Prof. 
J.  W.  Judd  in  his  presidential  address  before  the  Geological  Society  of 
London,  and  in  many  others  of  his  recent  papers.'^ 

Rocks  whose  component  minerals  are  so  delicately  balanced  to  accord 
with  the  particular  set  of  conditions  under  which  they  were  formed, 
must  be  peculiarly  subject  to  alteration  when  these  conditions  are 
ohauged;  and  for  this  reason  the  writer  has  before  insisted  that  erup- 
tive rocks  must  be  even  more  liable  to  metamorphism  than  the  sedi- 
ments Which  contain  them.^ 

The  advantage,  then,  of  eruptive  rocks,  especially  of  basic  eruptive 
rocks,  for  the  study  of  metamorphic  processes  is,  as  Lessen  has  remarked 
with  so  much  force,  because  we  have  in  them  a  set  of  minerals  and 
stractures  which  can  with  certainty  be  referred  to  eruptive  conditions, 
i.  e.,  conditions  of  fusion.  These,  at  least  for  the  basic  rocks,  may  be 
easily  reproduced  in  the  laboratory,  as  has  been  so  successfully  done  by 


voldbekmnnte  GrSue,  die  wir  nnserem  XJrtbeil  za  Grondo  Icgeo  konnen,  einon  foaten  MaasBstab,  au 
velebem  Art  and  Qrad  jener  aeoandiireii  Miueralien  and  secimdiiron  Structuron  gemosaen  werden  Icon- 
Ben  welche  die  Natnr  den  metamorphiscben  Geateina  mebr  oder  wcniger  auHiuacben.  Vielfacb  ist  ea 
geradezu  dieaicbere,  aDanfeobtbare  Thatsacbo  der  Paeudomorpbosenbildun^,  tlio  in  solchen  Gestcinon 
jn  rial  allgemeinerer  Weiae  bewelaend  fUr  die  Umbildung  eintritt,  als  dio  nur  unter  bcaonders  giina* 
tiscn  UmBtftnden  erbaltenen  Petrafacton  in  den  metamorpbisirteu  Sediuienten.  Jabrbucb  der  k5nig* 
Ikhen  prenaaiachen  geologiscben  Landeaanatalt  u.  Bergakademie  fur  1883,  Berlin,  1884,  p.  620. 

Od  paico  010  ibid.,  Loaaen  in  a  note  givea  tbe  following  list  of  references  to  bis  former  remarks  on  tbis 
■ama  iini>ortant  topic:  Zeitscbrift  der  deutscben  gcologiscben  Gesellschaffc,  vol.  21,  p.  208, 1869;  rob 
Ji.pp.  706,  707, 763, 1872;  voL  27,  pp.  451  and  969.  1875 ;  roL  29,  p.  360,  1877;  Sitzangsborichte  der  Ge- 
ariUebalt  natnrforscbender  Frennde  in  Berlin,  Mob.,  1878;  Jan.,  1880,  and  Nov.,  1883;  Jabrbncbdcr 
kdogL  preuaa.  geolo^^ben  Landeaanatalt  fur  1880,  p.  12;  fur  1881,  p.  43,  and  finally  in  the  Erldato- 
nisgeo  zur  geologiacbon  Specialkarte  von  Prouaseu  und  don  tbiiringiscben  Staatou.  Blotter:  Harz< 
fRode  (p.  79)  ;    Wippra  (pp.  27, 43) ;  Scb  wenda  (p.  34). 

*  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  1880,  p.  257,  and  Zeitacbr.  Kryst.  a.  Mineral.,  vol.  5,  p.  192. 

SQnar.  Jour.  Oeol.  Soc.  London,  voL  43, 1887,  Proc.  pp.  54<82. 

•BoU.  U.  8.  G«oi  Surrey,  Ko.  28,  p.  9, 10. 
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Messrs.  Foaqa6  and  Michel-L^vyy  t>f  Paris.^  The  exact  mineral  associa- 
tion and  Btrncture  of  diabase  and  other  basic  igneoas  rocks  may  be  syn- 
thetically reproduced  by  simple  dry  fnsion,  and  there  is  no  indication 
whatever  that  they  are  ever  produced  in  nature  by  any  other  means. 
The  finding  therefore  of  such  characteristic  structure,  even  where  they 
have  been  more  or  less  disguised  by  subsequent  changes,  at  once  fur- 
nishes a  definite  and  certain  starting  point.  We  know  what  the  orig 
inal  character  of  the  rocks  in  question  was  and  the  conditions  under 
which  it  was  formed ;  and  the  careful  minute  study  of  the  changes 
which  the  original  component  minerals  have  undergone,  when  taken  in 
connection  with  the  external  physical  conditions  to  which  the  rock  mass 
has  been  subjected,  can  but  yield  useful  results  to  geological  science. 

HISTOBIOAL  OITTULNE  OF  STUDIES  ON  THE  KSTAMOBPHISM  OF  EBUP- 

TITE  BOCKS. 

Notwithstanding  the  great  importance  which  has  always  attached  to 
the  idea  of  metamorphism,  it  is  only  within  recent  years  that  it  seems 
to  have  been  regarded  as  applicable  to  any  but  sedimentary  rocks. 
With  Button,  who  may  practically  be  considered  the  originator  of  the 
idea,  and  with  Lyell,  to  whom  we  owe  the  term  which  describes  it,  tuef- 
amorpkism  was  the  gradual  consolidation^  iy  means  of  the  eartWs  internal 
heaty  of  sunken  and  buried  strata^  whose  original  parallel  structure  was 
not  wholly  obliterated  by  the  change.  So  strong  has  the  power  of  this 
tradition  become,  that  it  is  not  easy  to  overcome  it  even  at  the  present 
time.  Kor  after  the  discovery  and  satisfactory  explanation  of  second- 
ary (slaty)  cleavage  in  rock-masses,  was  the  case  much  better.  The 
distinction  between  foliation  and  stratification  was  accepted  as  rad- 
ical, and  it  was  generally  conceded  th^t  the  former  was  secondarily 
developed  in  solid  masses  as  the  effoct  of  pressure,  and  yet  we  hear  of  it 
chiefly  in  sedimentary  rocks — in  slates  and  shales.  The  eruptive  rocks 
seem  to  have  been  regarded  as  too  hard  and  unchangeable  to  be  affected 
even  by  the  enormous  forces  which  upheaved  a  mountain  chaiu.  How 
untrue  this  is  we  are  daily  learning  fipom  the  study  of  rocks  qndoubtedly 
eruptive,  which  possess  a  pronounced  schistose  structure. 

As  we  now  look  back  over  a  century  of  discussion  and  investigation 
of  metamorphism,  the  total  neglect  of  eruptive  masses,  save  as  an  active 
agent  in  the  change,  seems  surprising.  Daubr^e,  in  his  admirable  essay 
on  the  subject,*  has  much  to  say  of  change  of  striictnre,  and  yet  he 
makes  no  allusion  to  eruptive  rocks  as  being  subjected  to  it.  Delesse, 
in  the  second  portion  of  his  ^*  Studies  of  Metamorphism  "  ^  which  treats 
of  regional  or  normal  metamorphism,  devotes  considerable  space  to  the 
metamorphism  of  eruptive  rocks,  but  his  conclusions  are  not  such  as 
at  the  present  time  deserve  attention.    He  maintains  that  by  some 

*  Syntbtee  de«  min6raiix  et  de  roches,  Pftrls,  1879. 

s]Stades  et  ezp6rienoe«  Bjiitb6tlqnea  stir  le  nidtamorphiame,  etc..  M6in.  prdsent^s  par  savantfl  4 
rAoad^miedes  Mlencee,  vol.  17, 1862.  Translated  in  the  Smithsonian  Annnal  Report  for  1861,  iip.  228-304. 

*£tade«  BUT  le  m^tamorphUme  dea  roches.  Oavrajce  ooaronn6  par  T  Acad6mle  desBolepQOi.  Fazia^ 
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Tagae  process  of  "general  metamorpbism  ^  volcanic  rocks  are  changed 
to  platonic.  Thus  a  trachyte  becomes  a  granite ;  and  a  trap,,  a  diorite. 
The  absence  of  volcanic  rocks  in  the  oldest  formations  is  accounted  for 
bj  the  great  length  of  time  during  which  these  have  been  subjected  to 
metamorphosing  agencies.  The  original  plntonic  rocks  are  considered 
to  be  capable  of  little  or  no  change. 

One  of  the  first  traly  scientific  studies  of  the  metamorphiam  of  erup- 
Hve  rocks,  based  purely  on  careful  observation  of  the  facts,  was  that  of 
Loflsen  in  the  Hartz  Mountains.  Here  it  was  possible  to  trace  the  nu- 
merous diabase  dikes  and  larger  areas  of  more  coarsely  crystalline  gab- 
bros,  along  with  the  schists  in  which  they  were  inclosed,  from  their 
Qoaltered  to  their  most  highly  altered  form.  Ac  early  as  1872  he  wrote 
as  follows : 

I  riiall  be|rio  with  igneous  rooks  which  have  been  altered  in  sitn  and  with  their 
(inal)  change  into  crystalline  sohists.  The  fact  that  massive  rocks,  which  frequently 
possess  a  parallel  strncturo  as  an  original  feature,  may,  by  mctamorphic  proces>es, 
be  oonverted  into  foliated,  hut  not  on  that  (locount  stratified,  beds  is  iucou testable.  In 
this  manner  grannlar  diabase  is  converted  into  leuticularly  foliated  (flaserig)  by  the 
more  or  less  complete  passage  of  the  cleavable  angite  into  a  ecaly  aggregate  of 
diloritic  minerals.  The  rock  thus  assumes  a  kind  of  schistose  structure,  as  is  often 
the  ease  in  the  southwestern  Hartz.^ 

The  cause  of  the  metamorphism^  too,  can  be  seen  in  some  cases  to 
be  the  eruption  of  large  granite  masses ;  in  others,  the  orographic  forces, 
which  bad  crumpled  and  upheaved  the  entire  district.  Upon  this  subject 
Loraen  says: 

I  have  often  emphasized  the  significance  of  those  metamorphic  regions  in  which 
eniptive  rooks— in terbedded  in  the  sohists  and  like  them  passively  snbjected  to  dis- 
lo^^ou  and  mountain-making  forces — have  undergone  about  the  same  substantial 
And  stmctural  alterations  as  the  inclosing  sohists ;  nor  is  it  material  whether  this  re- 
mit has  been  accomplished  within  the  contact-zone  of  some  intrusive  granitic  mass 
or  by  dynamic  (dislocation)  forces  properly  so  called.^ 

Massive  rocks  may  therefore  be  passively  subjected  to  the  influence 
of  dtber  cont^act  or  regional  metamorphism. 

Instances  of  the  former  seem  never  to  have  received  their  merited 
share  of  attention,  and  yet  they  have  been  mentioned  in  many  different 
regions.  Allport  described  dolerites  which  had  been  altered  by  adja- 
cent eruptive  granites  in  Cornwall.^    In  France  Michel-L<^vy  has  found 

*Xck  begixLDB  mit  den  ki  situ  nmgewandelten  Erstamuigsgesteiiien  und  doren  TJmwandlimg  sa 
kxTBtaUiniiichea  Schlefom.  Die  Thatsaohe,  dass  darch  metamorphiBche  Procosse  massige  Gesteiue, 
4ie  liiafig  bereiU  eine  anpriiugliche  plane  ParaUelstmctar  besitzen,  in  scli iefrlge,  darum  aibernoeh 
mtda  inffeachiehteU,  umgewandelt  werden,  iat  nnbestreitbar.  So  gehen  dio  kornigen  Dlabaso  dadaroh 
Iiinflg  in  ftMerige  Qber,  dasa  das  blKtterig  breehende  augitische  Mineral  gans  oder  tbeilweise  in  ein 
■duippiges  Aggregat  einos  chloritischen  Minerals  umgewandelt  wird,  wobei  das  Gestein  eine  Art 
■duefrige  Stmctor  annebmen  kauu,  wlo  dies  iiu  SUdost  Harz  nicht  sdten  der  Fall  isL  (Zeitsohr. 
Beatach.  goot.  Gesell.,  Berlin,  vol.  24,  p.  703, 1872.) 

'Merfiach  bercitshAbe icbdie  Bedentnng soloher  metamorpbisober  Gebiete herrorgoboben  in  welcben 
nrlftctim  den  Scbiclitea  eingescbaltete  and  nnr  passiv  am  Paltangs-  und  Gcbirgsbildangsprooosse  bo. 
tbeffigte  Bmptivgesteine  in  annfibemd  demselben  Grade  wie  die  daneben  anstebendon  Sohichtgesteino 
Mthstentielle  and  strnctarelle  Umwandlungen,  sei  ea  in  der  OontactspbHre  der  in  die  Faltuug  eingrei- 
fettiea  eugranitischen  Eruptivmassen,  sei  es  darch  den  Dislooationsprocess  scblocbthin,  erlitten 
haben.    (Jabrb.  preoss.  gool.  Landesanstalt  fUr  1883,  p.  619.) 

*  Oa  the  metamorphic  rocks  surrounding  the  Land's  End  mass  of  granite.  Qaarterlj  Joamal  Geol. 
Bat^  London,  vol.  32, 187«,  p.  i2a.  Digitized  by  V^OOg  l€ 


42  GREENSTONE   SCHIST   AREAS   OP   MICHIGAN.  rButL.«. 

similar  effi^cts  produced  in  the  Cambrian  diabases,^  and  Barrois  men- 
tions diorites  (**diopite  modifi^'')  which  have  been  modified  by  the  same 
cause.^  Still  more  recently  Brogger  has  discovered  the  same  class  of 
phenomena  in  dikes  of  augite  porphyrite  \¥hicli  penetrate  the  strata  of 
the  classic  Silurian  region  nearChristiauia.^ 

The  most  exact  and  satisfactory  accounts  of  such  rocks  are,  however, 
those  given  by  Lossen  of  the  diabases  which  fall  within  the  limits  of 
the  Eamberg  granite  contact  zone  in  the  Hartz  Mountains.*  The  eflfect 
of  the  granite  has  been  to  produce  alterations  in  the  eruptive  diabases 
quite  analogous  to  those  usually  brought  about  by  orographic  forces. 
The  augite  has  been  changed  to  uralite,  which  surrounds  the  core  of 
the  original  mineral  in  a  double  zone,  the  inner  one  being  colorless  and 
dotted  with  magnetite,  while  the  outer  one  is  composed  of  a  more  com- 
pact, green,  and  pleochroic  hornblende.*  The  labradorite  of  these 
diabases  has  been  saussuritized;  their  ilmenite  has  ^)een  changed  to 
sphene  (leucoxene)  and  their  pyrite  to  pyrrhotite.  Biotite  and  garnet 
have  also  been  occasionally  developed.  The  characteristic  diabase 
structure  is  recognizable  so  long  as  any  of  the  augite  or  labradorite 
substance  remains. 

If  the  results  described  by  Lossen  are  in  reality  wholly  due  to.the  in- 
fluence  of  the  intrusive  granite  mass,  then  we  see  that  the  similarity 
between  the  efifects  produced  by  contact  metamorphism  and  regional 
metamorphism  is  just  as  close  in  the  case  of  eruptive  rocks  as  it  is  in  that 
of  sedimentary  beds.  The  connection  which  exists  between  regionally 
metamorphosed  areas  and  the  disturbances  to  which  such  areas  have 
been  subjected  appears  to  be  a  constant  one.  Indeed,  aside  from  the 
local  iniluences  of  intrusive  masses,  the  amount  of  metamorphism  may 
be  said  to  be  in  all  cases  proportional  to  the  pressure  or  strain  to  which 
the  rock  in  question  has  been  subjected.  The  recent  recognition  of  this 
fact  has  brought  into  favor  the  terra  ^^  dynamic  metamorphism^^'*'  which, 
in  a  way,  expresses  the  agency  or  process  to  which  the  change  may  be 
attributed. 

Kocks  are  not  metamorphosed  by  pressure  alone,  and  yet  the  im* 
portance  of  this  agency  would  appear  to  be  greater  than  that  which  has 
commonly  been  assigned  to  it.  Other  factors,  especially  heat  and 
moisture,  have  also  played  an  important  part  in  the  changes,  but  their 
efficacy  is  in  large  measure  due  to  the  direct  results  of  pressure  upou 

'  Sur  lea  rocbes  ^rnptives  basiqnes  Cambrienoes  dn  Mflconnais  et  da  Bea;iJoIaia.  Bull.  Soo.  g6oL 
France,  3  seriea,  vol.  11,  1883.  pp.  273-303. 

3  Lo  granite  de  Boatrenen,  sea  apopbyaea  et  aea  ooutacta.  Annalea  Soc.  g^ologiqaedu  Nord,  1884, 
TOl.  12. 

'Spaltenrerwerfangen  in  der  Gegend  Langeannd-Sklen.  Nyt  Mag.  for  Naturridenakabcme,  vol. 
23,  1884,  pp.  253-419. 

*  ITcber  den  Ramberg  Granit  und  aeinqn  Con  tact -Hof.  ErlSuterungen  an  Blatt  Harzgorode  dor 
geologiachen  Specialkarte  von  Preaaaen  and  der  thUringiacben  Staaten.  Vidu  alao  Jahrb.  kon.  preoss. 
geol.  Landf.*.an8talt  far  1883,  pp.  619-642 ;  fiiv  1884,  pp.  56-112.  and  pp.  525-545. 

*  For  an  illnstration  of  tbia  atructare,  see  Bull.  U.  S.  Geol.  Survey,  No.  28,  1880,  PI.  L  Fig.  2. 

*  "  Mechanical  metamorphlara  "  of  Ileira  aul  BAltior,  "DlalocationM."  of  Loaaon,  "  Dynamioal-H.** 
of  Bosenboacb,  **  Stauangs-M."  of  Credner,  *'  Presaore-M.*'  of  Bonney. 
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the  solid  rock-mass.  Tbe  crusbiug  of  rocks  along  fault  or  sliearing 
planes  allows  here  of  tbe  ready  circulation  of  moisture  and  of  a  conse- 
quent increased  distiibution  of  beat.  !RocI:c  are  bcr.ce  nio^t  altered 
uloQg  such  planes.  Tbe  alipost  universal  effect  of  such  a  crusbiug  is 
made  apparent  by  a  microscopic  examination  of  rocks  which  have  been 
subjected  to  enormous  pressure.  We  shall  have  occaeicn  to  cite  numer- 
ous instances  of  this  in  the  sequel.  For  the  presont  we  will  state  tbe 
three  different  modes  in  which  an  eruptive  rock  is  altered  when  it 
undergoes  regional  or  dynamic  metamorphism,  and  mention  tbe  work 
of  those  who  have  been  particularly  successful  in  illustrating  the  action 
of  all  or  any  of  them. 

The  three  ways  in  which  a  massive  crystalline  rock  may  be  modified 
by  the  action  of  orographic  forces  are  : 

r.  Macro-structural;  L  e.^  it  may  have  its  external  structure  (mor- 
phology) changed  so  as  to  become  schistose  or  foliated. 

//.  Micro-structural;  i.  e.,  it  may  have  its  internal  or  microscopic 
structure  (histology)  wholly  changed,  either  with  or  without  an  alter- 
ation of  tbe  last-mentioned  sort. 

III.  Mineralogical ;  i.  e.,  there  may  be  a  change  in  the  nature  of  one 
or  more  of  tbe  component  minerals,  either  with  or  without  a  change  in 
the  chemical  composition  of  the  rock  as  a  whole. 

Of  course,  any  one  of  these  kinds  of  change  may  be  produced  in  a 
rock-mass  alone,  or  any  two,  or  even  all  three,  may  exist  simultaneously 
in  any  relative  degree  of  intensity. 

Maorostructural  Metamorphism. — It  had  already  long  been  recognized 
that  transversal  or  slaty  cleavage  could  be  produced  in  sedimentary 
l»eds  by  mechanical  force,^  when  A.  Heim,  in  his  work  on  the  **  Mech- 
anism of  Mountainmaking,"  published  in  1878,^  directed  attention  to 
an  almost  new  line  of  geological  work,  by  showing  in  a  very  general 
way  how  the  orographic  forces  effect  the  deformation  of  rock-masses. 
He  insisted  upon  three  main  points : 

(a)  That  tbe  rocks  were  solid  and  rigid  when  they  were  acted  upon. 

(h)  That  by  a  moderate  pressure,  they  are  torn  asunder  and  tbe  thus 
forme<l  open  fissures  ("  klaflfende  Eisse'')  are  subsequently  filled  by  ma- 
terial segregated  from  the  rock  ("  adern  ").  If  the  mass  is  plastic  rather 
Qian  brittle,  the  strain  is  relieved  by  numerous  slicken-sides  ("  Eutsch- 
fiachen  ^)  ("  Umformung  mit  BruchP). 

(c)  That  by  the  most  intense  pressure  this  action  becomes  infinitely 
small  or  molecular,  i.  e.,  tbe  form  is  altered  without  rupture  ("  Un^/br- 
MMi^  ohne  Bruch^). 

Heim  lays  great  stress  upon  the  fact,  already  emphasized  by  Suess,* 
tiiat  the  massive  or  crystalline  rocks  which  form  tbe  center  of  the  Al- 


^Od  tlatj  elearaffe  and  allied  rook-strootares  with  special  reference  to  the  mechanical  theories  of 
thair  origin.  By  Alfred  Barker.  Kept  fifty.flfth  meeting  Brit.  Assoo.  Adv.  Soi.,  in  1885,  pp.  813-805, 
UM. 

*UBt€arsiicbnnf^en  Uborden  Mochanismns  dcr  Oehirgsblldang  iro  Anschlass  andiegeoIogischeMono- 
gnphle  der  TCdi-Windgallen-Qrappe.    Basle,  1878.    Vol.  2. 

*DleBatrtelrasffderAlp«n.    Wlen,  1S75. 
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pine  "massivs^  were  not  themselves  in  any  way  instrumental  in  the 
elevation  of  the  moantains.  He  gives  an  elaborate  proof  that  these 
were  solid  long  before  the  elevation ;  and  were  only  passively  sub- 
jected to  the  upheaving  force,  in  the  same  way  as  the  overlying  sedi- 
ments. Heim  does  not,  however,  seem  to  apply  his  laws  of  mechanical 
deformation  to  these  crystalline  rocks,  as  he  might  well  have  done,  but 
regards  their  schistose  or  banded  structure  as  probably  an  original 
character. 

Other  geologists  were  not  long  in  recognizing  the  mechanical  defor- 
mation of  massive  as  well  as  sedimentary  rocks.  Daubr6e  is  struck  by 
the  frequent  gradual  passage  of  massive  rocks  into  schistose  varieties 
of  the  same  composition.  He  oays  that,  in  spite  of  his  own  strong  lean- 
ings toward  the  **  metamorphic  theory,''  he  can  not  possibly  regard 
such  a  schistose  structure  as  any  sign  of  original  stratification  but 
must  consider  it  as  secondarily  product  in  the  eruptive  mass  by  press- 
ure. He  is,  however,  inclined  to  believe  that  this  result  was  attained 
before  the  eruptive  rock  had  wholly  solidified.*  H.  H.  Reusch,  from 
his  studies  of  the  rocks  near  Bergen,  in  Norway,  is  also  convinced  that 
the  frequent  banding  and  gneissic  structure  in  granite  is  secondary  and 
a  product  of  pressure,  like  slaty  cleavage.  Like  Daubrde,  he  too  thinks 
that  it  was  accomplished  while  the  rock  was  still  somewhat  soft,  atthe 
time  of  the  faulting  and  dislocation  to  which  the  granite  owed  its  own 
elevation,  in  a  plastic  state.*  This  idea  that  such  pressure  deformation 
could  only  take  place  in  softened  or  in  unsolidified  rocks  was  particu- 
larly dwelt  upon  by  Carl  Friedrich  Naumann.  How  thoroughly  the  ob- 
jections to  the  deformation  of  rigid  rock  masses,  as  far  as  sedimentary 
deposits  are  concerned,  are  answered  by  the  fact^  observed  by  Heim, 
we  have  already  seen.  The  assumption  of  an  identical  process  for  the 
highly  crystalline  massive  rocks  seems,  at  first,  to  present  great  dif- 
ficulties, but  observations  in  all  parts  of  the  world  are  daily  proving 
its  necessity. 

In  1879,  Rothpletz'  showed  how  the  actinolite,  or  so-called  green- 
schists  near  Hainichen,  in  Saxony,  had  been  brecciated  by  pressure  and 
the  fragments  shoved  along  more  or  less  upon  each  other,  so  as  often 
to  produce  an  imperfect  schistose  structure.  This,  which  has  a  close 
analogy  to  certain  macrostructural  modifications  of  the  Lake  Superior 
greenstones  to  be  described  in  subsequent  pages,  allowed,  as  Rothpletz 
remarked,  a  much  incrcJased  chemical  action,  which  tended  to  alter  the 
character  of  the  rock.  A.  Baltzer,  in  his  monograph  on  the  Finster- 
aarhom,^  published  in  1880.  expresses  himself  as  decidedly  in  favor  of 
a  mechanical  metamorphism  of  the  interior  crystalline  rocks.  He  sayn 
on  page  244  of  his  work : 

1  fitadea  synthdtiqaes  de  g&ologi&  exp6rimeDtolle.    Paris,  1979,  p.  432. 

*Di6  fossilien  fiihrenden  kryatalliniaoben  Schiefer  von  Bergen  in  Norwegen.  Beatsohe Anfgabe  von 
B.  Baldaaf,  1883,  pp.  129,  180. 

*Ueber  mechanisohen  Gesteinsamw&ndlangen  be!  Hainichen  in  Sachscn.  II.  Die  Brecoienbild- 
Ungdes  Aktinolithschiefera  von  Hainichen.    Zeitscbr.  Dentsch.  geol.  Oeaell,  1879,  Vol.  31,  p.  874. 

^Die  mechanische  Contact  von  Gneiss  nnd  Kalk  im  Berner  Oberlaud.  Beitrftge  sor  gooIogiMAeii 
EattederSohwelz.   XX.  Liefenmg.    Bern,  1880.  ^'9'^'^^ 
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I  base  my  assamptioii  that  the  parallelism  of  the  mioa>Boales  in  abnormally  strati- 
fied gneisB  is  conditioned  by  pressure^  upon  this  transverse  foliation.  Just  as  slaty- 
cleavage  is  generated  in  the  younger  sedimentary  rocks  by  pressure  and  mechauicai 
deformation,  bo  is  it  also  in  the  crystalline  schists.  This  may  be  proved  in  the  case 
of  the  last  named  rocks,  if  other  evidence  Ir  lacking,  by  its  parallelism  with  the  un- 
doubted cleavage  in  contiguous  sediments.^ 

Similar  ideas  have  beeomoreor less  clearly  expressed  by  Kjeralf,  Brog- 
ger,  StapfF,  and  other  geologists,  bat  oneof  the  most  important  con  triba- 
tioDS  to  our  knowledge  of  this,  as  well  as  of  other  phases  of  mechani- 
cal metamorphism,  was  made  in  1884  by  Prof.  Johannes  Leiimann  in  his 
work  on  the  origin  of  the  crystalline  schists.^  That  author  has  col- 
lected an  immense  number  of  observations  from  Saxony,  Bataria,  and 
Bohemia — especially  in  the  "Granulite"  district  of  the  ftrst  named 
country,  upon  the  detailed  study  of  whicb  he  has  spent  many  years. 
From  these  observations  Lehmann  reaches  certain  general  conclusions 
of  importance  with  reference  to  the  mechanical  metamorphism  of  solid 
massive  rocks.  These  are  stated  in  chapters  16  and  17  of  his  work. 
He  regards  gneiss  as  simply  a  structure  form  of  granular  feldspathic 
rocks,  and  according  to  the  composition  of  these  there  may  occur  gran- 
itic gneiss,  syenitic  gneiss,  dioritic  gneiss,  gabbro  gneiss,  etc.  He  thinks 
that  the  essential  parallel  structure  of  gneiss  may  be,  but  very  rarely 
is,  original.  He  finds  no  indication  that  any  true  gneisses  were  once 
sedimentary  deposits,  but  he  considers  them  all  as  igneous  rocks 
("Erstarrungsgesteine''),  which,  as  a  general  thing,  have  acquired  their 
present  structure  by  stretching  (^^  Streckung")  in  a  solid  state.  More- 
over, gneiss  exhibits  only  the  first  stage  of  such  a  mechanical  meta- 
morphism. If  the  action  of  this  process  isjnore  intense,  finer  grained 
and  more  evenly  banded  rocks  result,  which  the  author  designates  as 
granulite  and  felsite  schist.  According  to  Lehmann,  therefore,  all  the 
massive  crystalline  rocks  are  subject  to  alterations  in  their  structure 
throngli  great  pressure  or  tension.  They  become  banded  or  schistose  in 
proportion  to  the  intensity  of  this  action. 

The  observations  of  many  workers  in  various  regions  since  the  publi- 
cation of  Lehmann's  conclusions  have  tended  to  substantiate  them. 
Mr.  Hatch^  has  shown  the.secondary  development  of  a  schistose  struct- 
are  in  the  gabbros  of  the  Tyrol,  and  the  same  thing  has  been  done  for 
the  gabbros  near  Baltimore,  Maryland.*  Eesults  very  closely  resem- 
bling those  of  Lehmann  have  recently  been  secured  by  Mr.  J.  J.  H. 
Teall  in  the  gabbro  region  of  the  Lizard,  Cornwall,  England.®    This 

'  Aof  diMe  trantrerBAle  SohicfBriuig  grtLnde  ich  die  Aonahme  dass  der  Parallelinms  der  Glimmer- 
Uitrchen  im  anormal  geUgerten  Oueiss  ebenfalle  Yon  Draokachieferang  berriihrt.  Wie  ia  deu  JUng- 
era  Sedimentgesteinen  duroh  Dmok  and  mechanUohe  Uraformiuigsprozeaso  transversal e  Scbieforung 
CBtotaad,  so  aaoh  iu  den  IvrystalUnischen  Sohiefem.  Bei  letzteren  kann  aie,  in  ErmaiigeliiDg  anderor 
▲nbalupankte,  dutch  den  Paralleilsmus  mit  einer  nnzweifelhaften  Schieferungsrlchtung  iu  den  an- 
grensendeQ  Sedimenten  nachgewiesen  werdeu. 

'Untenachungen  iiber  die  Sntstehoug  der  altkrystaUinlsohen  Schiefergeatelne,  etc.,  with  Mlaeof 
pb«Cograplis.    4°.    Bonn,  1884. 

"TMherroak'M  mineral,  o.  petrog.  MittheiL,  vol.  7  (1886),  p.  75. 

•BaU.  V.  S.  GeoL  Survey,  No.  28. 

*6eoL  Hag.,  London,  NoTember,  1886.  ^  j 

Digitized  by  VjOOQIC 


46  GREENSTONE   SCHKT   AREAS   OP  MICHIGAN.  Cboli-«2. 

investigator  derives  proof  that  the  alteration  in  structure  was  accom- 
plished after  complete  solidification  from  the  relation  of  the  rock  to 
fault' planes.    He  says: 

A  rock  mast  Deoessarily  be  solid  before  it  can  be  faulted.  Now,  we  find  at  Pen 
Voose  near  Landewednack,  that  massive  gabbro  passes  over  into  gabbro  scbist  at  a 
fanlt-plane,  and  that  the  I'oliatiou  in  the  gubbro  is  such  as  wonld  be  prodaced  by  a 
shearing  motion  parallel  with  the  faalt-plano.  Taking  all  the  facts  into  oonsidera- 
tion^  we  appear  to  be  jostified  in  concluding  that  the  foliation  in  the  Lizard  gabbros 
is  the  resalt  of  pressure  or  regional  metamorphism. 

C.  Schmidt  has  also  recently  given  us  the  results  of  his  studies  of 
certain  eruptive  porphyries  in  the  central  Alps,  especially  in  the  Wind- 
giillen  group,  the  district  particularly  studied  by  Heim.^  These,  like 
the  surrounding  sediments,  have  been  subjected  to  enormous  pressure 
and  strains  and  thereby  have  had  developed  in  them  a  pronounced 
schistose  structure,  becoming  in  some  instances  veritable  felsite  schists* 
Still  more  recently  H.  U.  Reusch  has  communicated  his  observations 
in  the  regionally  metamorphosed  district  of  Hardaiigerfjnrd,  on  the 
west  coast  or  Norway.*  Here  he  finds  dikes  of  all  sorts  of  eruptive 
rocks,  both  acid  and  basic,  all  rendered  secondarily  schistose  parallel 
to  the  planes  of  the  inclosing  schists,  without  reference  to  the  direction 
of  the  dikes  themselves.  This,  therefore,  can  not  possibly  be  due  to 
either  flow  or  cooling,  but  luujit  bo  the  result  of  pressure.  Oh.  B. 
Weiss  observed  the  same  thing  in  the  quartz  i)orphyry  dikes  of  Thai,  in. 
Thuringia.^ 

Prof.  T.  G.  Bonney,  in  his  annual  presidential  address  to  the  Geo- 
logical Society  of  London  (February,  1886),  deals  with  the  subject  of 
metamorphism  in  general,  ftnd  has  much  to  say  about  the  structural 
changes  induced  in  holocrystalline  massive  rocks  by  pressure*.  He 
distinguises  between  '<  stratification  foliation ''  and  "  cleavage-foliationy^ 
the  latter  being  always  secondarily  produced  by  pressure.*  This  same 
cause  also  in  some  cases  may  produce  a  false  bedding  parallel  to  the 
cleavage-foliation,  almost  exactly  similar  to  the  bedding  of  sedimentary 
rocks,  although  of  a  totally  different  origin,  and  to  this  he  applies  the 
name  "  pseudostromatisra.''^ 

Microstructural  metamorphism. — The  statement  of  Heim  that  under 
sufficient  pressure  rock-masses  became  })lastic,  i.  e.,  that  they  could  be 
bent  and  crumpled  by  a  true  molecular  movement  within  the  mass,  with- 
out rupture,  seems  to  have  been  based  entirely  on  a  macroscopical  study 
of  exposures  and  specimens.  Rocks,  and  even  their  constituent  miner- 
als, certainly  do  appear  to  the  unaided  eye  to  be  stretched  and  contorted 
without  any  break  in  their  continuity.  Whether,  however,  this  effect 
is  accomplished  by  a  truly  molecular  movement,  as  in  a  viscous  body, 

*  Neuca  Jahrbucli  fUr  Mineralogie,  etc.,  BeUagebaod  4,  p.  388, 1686. 
>Ibid..  Beilageband  6,  p.  56,  1887. 

"Zeitachr.  Deutsch.  gool.  Geaell.,  vol.  36,  1884,  p.  858. 

*  Quar.  Jour.  Geol.  Soc.  London,  voK  42, 1886,  Proo.,  p.  9&. 
•Ibid.,  p.  64. 

«n»id.,p.  65. 
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or  by  a  breaking  or  crashing  of  the  component  crystals  with  a  move- 
ment in  the  mass  before  it  is  recemented,  is  something  that  can  not 
be  well  decided  by  the  anaided  eye.  Sach  authorities  as  GUmbeP  and 
Pfaff*  at  once  took  exception  to  the  conclusions  of  Heun,  and  stated  it 
as  their  conviction  that,  strictly  speaking,  there  was  no  such  thing  as 
the  deformation  of  rocks  without  rupture,  Baltzer^  could  not  decide 
between  the  conflictiilg  views,  but  thought  there  was  probably  truth 
in  each.  The  microscopical  study  of  such  bent  and  contorted  rocks 
seems  to  show  that  the  explanation  of  Giimbel  is  generally  the  true  one* 
This  was  emphasized  by  J.  Lehmann.^  He  calls  attention  to  the  fact 
that  the  conception  of  plasticity  is  not  a  simple  one.  We  speak  both 
of  wax  and  of  wet  clay  as  "plastic,'^  and  yet  the  movement  of  the 
homogeneous  body  is  different  from  that  in  the  heterogeneous  substance. 
In  each  the  process  of  the  deformation  escapes  the  eye  and  the  results 
s^pear  the  same;  but  in  reality  the  first  is  molecular,  the  second 
caused  bythe  slipping  of  the  component  particles  (kaolin  scales)  over 
each  other.  In  rocks  the  ^^  plasticity  "  is  of  the  second  kind.  Lehmann^ 
says: 

When  rock-deformation  has  been  acoomplislied  by  a  breaking  and  sliding  of  the 
individnal  constitaentfi  npon  each  other,  I  think  that  I  am  still  justified  in  calling  it 
a  deformation  without  mpture,  provided  the  continuity  of  the  rock-mass  itself  has 
been  preserved  and  no  fissures  have  been  formed.  •  »  *  i  recognize  only  that  as 
rock-deformation  with  rupture  when  fissures,  even  though  microscopic,  traverse  the 
roek  independent  of  the  individoal  constituents.^ 

Again  he  says  :^ 

A  plastic  molding  of  the  separate  constituents,  as  is  assumed  by  Heim,  I  have 
nowhere  been  able  to  discover.  On  the  other  haqd,  the  maximum  of  resistance 
which  a  crystalline  grain  can  oflfer  to  bending  or  crushing  is  very  soon  reached,  and 
then  ensaes  a  pulverizing  or  chemical  solution.^ 

Lehmanu  also  particularly  emphasizes  the  importance  of  the  very 
much  increased  chemical  action  which  such  a  crushing  of  the  rock 
components  permits.  This  had  heretofore  been  almost  overlooked  by 
all  the  students  of  dynamic  or  mechanical  metamorphism  except  Lossen. 
The  ease  with  which  a  ready  circulation  and  changed  physical  condi- 
tion allow  the  destruction  of  certain  chemical  compounds,  and  the  im- 

■Das  Verhalten  dor  Schiohtgestehie  hi  gebogeuen  Lagon.  Sit^ungabcrichte  dcr  kun.  bayiiacben 
Akademie.  Math.-pby8.  Classe,  voL  4,  p.  596,  1880  (reviewed  by  RosoDbuscb  in  tbe  Neuea  Jabrbuoh 
for  MineraL,  1882,  >oL  1,  Beferate,  p.  221). 

'Der  Hechaziismua  der  Gebirgsbilduog.    Heidelberg,  1880,  p.  140. 

'Die  mechaaische  CoDtact  von  Gneiss  nnd  Kalk  im  Bemer  Oborland,  Bern,  1880,  p.  240. 

*"  Untersuchnngen  iibw die  Entatebung  der  altkrystalUniscbeu  Scbiofergesteino,  etc.."  Cbap.  xvi. 

•aid.,  p.  246. 

'lek  glmabe  sogar  mit  Rechteine  Gresteinsformnng,  be!  wclchor  nur  dio  einxelnen  Gcmengtbeile 
zanpaHen  and  Mcb  an  einander  verscbioben,  ale  clno  brucbluse  bezcicbueu  zu  konen,  wenn  das 
Gcatefn  seinex*  Zusammenbalt  bewahrt  bat  nud  kuino  das  Geftoiu  dunbHttzonden  Risso  vorbaudon 
lisd.  *  *  *  Eine  Gesteinsformung  rait  Bnicb  erkeuuo  icb  erist  danu  an,  weiin  Riase,  iind  niogen  os 
ftach  BxikroskopiBche Boin,  anbekumiuert  urn  dio  FiinzelgetuengtbeiJedas  Gcttteinsgowebodurchsetzen. 

'UiUL.p.  24al. 

*£ine  plastucbe  Forming  dor  Binzelgcmougt  hollo,  wio  aio  Heini  aunobmen  zu  mUssen  glanbt,  babe 
«eb  nioDals  gefunden  ^  viclmcbr  errcicht  dio  Biegung  oder  Zusannncndruckung  eines  Krystallkoma 
nfar  bald  das  ^Caxiinam  nnd  erfolgt  dann  eine  ZertrUmmerung  boziebuugsweiBe  anob  eine  cbemisobe 
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mediate  formatioa  of  others  out  of  their  elements,  is  calculated  to  pre- 
serve the  coDtinaity  of  the  rock-mass  in  spite  of  extensive  stretching 
or  compression. 

Such  chemical  changes  will  form  the  subject  of  the  following  section. 
Here  we  are  concerned  only  with  the  mechanical  deformatipn  of  the 
elementary  minerals. 

The  effects  of  pressure  will  naturally  be  first  noticeable  upon  an 
elastic  mineral  like  mica.  A  bending  of  the  lamellsd  is  well  known  to 
result  frequently  from  even  the  slight  movement  of  an  eruptive  magma 
before  its  complete  solidification.  Where ver,  therefore,  so  sensitive  a 
mineral  presents  no  pressure  effects  when  more  brittle  substances  show 
them,  it  is  fair  to  assume  that  the  mica  has  been  secondarily  developed 
during  the  action  of  the  pressure. 

Harder  minerals,  like  augite  or  feldspar,  under  the  first  action  of 
strain,  before  their  cohesion  is  overcome,  appear  to  have  twinning 
lamellae  developed  in  them  parallel  to  certain  planes — and  most  abun- 
dantly where  the  strain  is  the  most  intense.  To  this  succeeds  a  crack- 
ing of  the  crystal,  with  often  a  considerable  separation  of  the  parts  and 
a  filling  of  the  interstices  by  newly  deposited  substance.^  A  still  more 
intense  pressure  accompanied  by  a  shearing  stress  seems  to  produce  a 
regular  granulation  of  the  larger  crystals,  so  that  around  their  edge 
they  pass  into  a  mosaic-like  aggregate  of  fine  interlocking  grains. 
This  process  in  the  case  of  augite,  as  in  the  Saxon  "  Flaser-Gabbros,'' 
is  attended  by  uralitization,  or  the  production  of  secondary  amphibole. 
The  resulting  structure,  in  which  larger  grains  are  separated  by  a 
finer  mosaic,  has  been  called  by  Tornebohm,  who  observed  it  in  cer- 
tain  Swedish  granites,  "mortar-structure''  (*'Moitel  Structur'').*  This 
granulation,  with  increasing  strain,  may  extend  farther  and  farther 
inward  until  finally  the  entire  crystal  is  replaced  by  a  fine  mosaic  of 
interlocking  grains.  When  produced  under  the  influence  of  sufficient 
pressure,  it  may,  of  course,  give  rise  to  a  pronounced  banded  or  schis- 
tose structure. 

The  action  of  strain  upon  the  hardest  and  most  brittle  of  the  rock- 
forming  minerals — quartz — seems  to  result  in  cracking  and  breaking, 
rather  than  in  bending  it.  Crystals  which  appear  in  hand-specimens 
to  be  stretched  out  into  lenses,  are  shown  by  the  microscope  to  be  com- 
posed  of  smaller  grains,  more  or  less  different  in  their  optical  orienta- 
tion.   Of  this  mineral  Lehmann  says:' 

The  pheuomena  which  the  qaartz  of  stretched  rocks  exhibit  manifest  themselves 
under  the  polarizations  microscope  in  the  unequal  extinction  of  different  fields,  and 


1  See  Lebmann's  Atlas,  PI.  6.  Figs.  8,  6,  and  PL  21,  Figs.  8,  0. 

*N&gra  ord  oni  granit  och  gneis.  GeoL  Foreningens  Stockholm  F5rhand1.,yol.6,pp.233-2i8, 1880- 
81  (review  in  tho  Neaes  Jahrbach  ftir  Mineral,  1881,  vol.  2,  Beferate,  p.  50).  TSmebohm,  in  this 
paper,  considers  this  as  an  original  structure.  KJeralf  designates  all  rtuch  dynamic  changes  as  ai« 
manifested  in  a  movement  among  the  fragments  of  broken  crystals  as  "  Eataklas-gtnietur.''  He  dis- 
tingnishos  throe  grades  of  intensity.  Soe  Grandfjoldsprofllot  ved  ]dj0son9  sydendo.  Nyt  Mag.  for 
Katurvidenskabeme,  vol.  29,  p.  215.  1883  (review  Kenes  Jahrbach  fiir  Mineral.,  1886,  vol  3,  Befn*- 
ate,  p.  2U).    See  also  Bosenbnsoh :  Mikros.  Physlog.,  voL  2,  2d  od.,  p.  42, 1887. 

'UntersachungeniiberdieEntstehung  der  altkrystaUinischen  Schiefergestoineu  eto^p^,^^50. 
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theQ  in  a  somewhat  more  exact  separation  of  these  fields.  We  imagiae  that  we  can 
detect  sharp  boundary  lines  without  being  able  to  certainly  prove  their  existence 
(and  in  reality  they  are  due  merely  to  tension).  Finally,  however,  the  indiviUaal 
gnun  does  really  break  np  into  separate  interlocking  parts,  which  at  first  are  but 
slightly  changed  in  their  orientation.  Nevertheless,  toward  the  edge  and  in  the 
more  compressed  portions  these  parts  are  quite  irregularly  orientated  and  participate 
in  the  composition  of  the  ground-mass.  True  bending  of  quartz  is  unknown  to  me. 
It  is  shattered  very  easily,  and,  as  it  seems,  is  as  readily  subject  to  chemical  solution.^ 

Prof.  Oh.  B.  Weiss,  of  Berlin,  describes  remarkably  deformed 
qoartases  in  the  schistose  porphyries  occurring  in  the  almost  horizontal 
mica  schist  near  Thai  in  Thuringia.*  This  rock  forms  dikes  which  cut 
across  the  bedding  of  the  schist  and  send  apophyses  in  a  horizontal 
direction  between  its  layers.  The  schistose  structure  of  the  porphyry 
was  formerly  considfired  to  be  a  flow  structure,  but  Weiss  has  shown 
that  this  can  not  possibly  be,  as  it  runs  in  every  case  parallel  to  the 
bedding  of  the  mica-schist  without  reference  te  whether  this  is  parallel  or 
perpendicular  to  the  walls  of  the  diJce.  The  porphyritic  quartz  crystals  in 
these  rocks  are  drawn  out  into  long,  pear-shaped  or  tadpole-like  (^^kaul- 
qnappenahnlich")  forms,  which  follow  the  direction  oC  the  schistose 
stencture.  This  is  accomplished  sometimes  with,  sometimes  withont,  a 
rapture  of  the  quartz  substance,  and  produces  what  Lessen  calls  tailed- 
quartzes.     (*'  Schwanzchen-quarz.'')' 

It  is  remarkable  that  the  porphyritic  feldspar  crystals  of  these 
rocks  have  suffered  far  less  deformation  than  the  much  harder  quartzes, 
an  observation  which,  as  we  shall  see,  is  abundantly  substantiated  in 
the  schistose  porphyries  of  the  Lake  Superior  region.  The  phenomena 
exhibited  by  the  Thuringian  rocks,  although  left  without  explanation 
by  Weiss,  are  referred  without  hesitation  by  Bosenbusch  to  the  effects 
of  dynamic  metamorphism.^ 

Bosenbusch  also  remarks  that,  as  a  rule,  the  peripheral  granulation 
(^randliche  Kataklase  "),  characteristic  of  the  coarse-grained,  granitic 
rocks,  is  wanting  in  the  porphyries.  This  he  attributes  to  the  structure, 
Uff  in  the  granular  rocks  under  great  pressure  the  grains  rub  against 
each  other,  while  in  porphyritic  rocks  the  larger  crystals  are  imbedded 
io  a  'homogeneous  matrix,  so  that  they  are  either  only  optically  dis- 
torbed  or  completely  pulverized.* 

>IHe  BracheiniuiKexif  wekhe  der  Qaarz  gestreokter  Gestoine  zeigt,  beknnden  sicb  onter  dem  Po- 
IniastSoiuiiiikroskop  in  einem  nngteichon  Dankelwerden  vorschiodener  Feldor,  dano  in  elner  scb^r- 
^efCB  Abgrenzung  dorselben ;  man  glaabt  Begrenznnsalinion  zu  sehen,  obne  dnss  solofae  tbatsach. 
bck  naehzawoisen  wftren — sioberuben  woblnor  anf  Spannnngen — endlich  zerfUllt  das  elnheltlicbe 
Son  »ber  wirklioh  in  oinzelne,  ssaoklg  begrenzte  Theile,  dio  znniichHt  nnr  wonig  ana  ibror  Lage 
Ctdiehtertcbehien ;  gegen  den  Rand  des  Korns  und  in  storkor  goproRston  Thcilon  jodocfa  wlrr  dnrob*- 
•baoderiiegen  and  an  der  Znsamroensetzang  der  felnkornigon  Grnndiuasse  sicb  betbeiligen.  Eigent< 
Ikke  BS^^nngen  you  Quarzen  sind  mir  nlobt  bekannt ;  er  zerstuokt  und  zorfallt  sebr  lelobt  und 
«dk>ft  wie  68  soheint  ebenso  leicbt  einer  obemischen  Anflosnng. 

' Jalirboeh  preuss.  geol.  Landesanstalt  fiir  1883,  pp.  213-237,  Berlio,  1884 ;  and  Zeitscb.  Dentsob. 
Cfi«L  &e8«ll.,  Tol.  36, 1884,  p.  858.  Cf.  J.  G.  Bornemann:  Jahrbnch  preuss.  geol.  Landesanstalt  fOr 
m,  pp.  383-409,  Berlin,  1884. 

•Zsitseb.  Deutscb.  fceol.  Gesell.,  vol.  34, 1882,  p.  678. 

*IMe  masslgen  Gestoine,  2d  ed.,  1886.  p.  214. 

•iwd.,  p.  413.  r-  T 
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Dr.  O.Ohelias  describes  compressed  and  schistose  graaite  porphyries 
from  the uortherQ  portion  of  theOdenwald  (Hesse-Darmstadt).  In  these 
the  ground-mass  is  quite  fine-grained,  but  where  small  areas  of  it  have 
been  protected,  as  it  were,  by  large  porphyritic  crystals  it  hm  nearljf 
twice  as  coarse  a  grain^ 

It  would  appear  to  be  quite  generally  the  case  that  porphyritic 
massive  rocks,  when  subjected  to  great  pressure,  develop  the  so-called 
"  Augen  structure."  The  larger  crystals  are  only  partially  pulverized, 
and  have  on  either  side  of  them,  in  the  direction  of  the  schistose  struct- 
ure, a  mosaic  of  their  own  debris,  arranged  like  the  "  crag-and-tail  ^  of 
a  glaciated  ledge.  This  has  been  observed  and  admirably  described  by 
Lehmann*  in  the  Saxon  granulites,  by  TealP  in  the  gabbros  of  the 
Lizard  district,  Cornwall,  and  by  Bonney.* 

Mineralogical  metamorphism, — This  is  undoubtedly  the  most  impor- 
tant phase  of  metamorphism  in  eruptive  as  well  as  in  sedimentary  rock 
masses.  It  always  accompanies  such  mechanical  deformation — whether 
macroscopical  or  microscopical — as  has  been  already  described ;  bat, 
while  such  dynamic  processes  may  greatly  facilitate  chemical  action  or 
molecular  rearrangement,  they  are  by  no  means  always  necessary  to 
bring  them  about  The  adjustment  between  the  chemical  combina- 
tions and  external  conditions  is  so  delicate  in  the  inorganic  world  as 
to  inake  the  difference,  in  this  respect,  between  minerals  and  living  or- 
ganisms seem  rather  one  of  degree  than  of  kind.  This  point  has  been 
elaborated  by  Professor  Judd  in  his  recent  annual  address  before  the 
Geological  Society  of  London  (February  18,  1887).*  Wadsworth^  has 
also  insisted  that  the  changes  in  the  mineral  world  are  due  to  the  pas- 
sages from  states  of  less  stable  to  those  of  more  stable  equilibrium ; 
but,  as  Judd  justly  remarks,  the  cycle  of  changes  may  be  infinite  because 
the  stability  of  a  compound  depends  upon  its  surrounding  conditions. 
With  a  change  of  these,  a  state  which  was  once  stable  becomes  unstable. 
No  student  of  mineralogy  can  fail  to  appreciate  the  extreme  delicacy 
of  the  equipoise.  Any  one  who  has  produced  artificial  twinning-lamellad 
in  feldspar  or  calcite,  or  watched  sulphur  or  boracite  or  tridymite  or 
leucite  pass  from  one  modification  into  another,  must  acknowledge  the 
irai>ortance  of  paramorphism  in  the  formation  of  rocks.  But  changes 
of  minerals  accompanied  by  changes  in  the  chemical  nature  of  the  com- 
pound are  still  more  common.  These  may  consist  (I)  in  the  breaking  up 
of  one  molecule  into  two  or  more,  with  but  little  replacemept  of  sub- 
stance, as  in  the  formation  of  saussurite  from  labradorite,  or  of  fi  spodu- 
mene  (albite -f  eucryptite)  from  spodumene;  or  (2)  in  a  reaction  which 
takes  place  between  two  contiguous  minerals,  each  supplying  a  part  of 

» Notlzblatt  des  Vereins  fur  Enlkuudo  zu  Darmstadt.  4.  Folge,  Heft  5,  1885,  p.  29. 
'notereucbiiDgeu  tiber  die  Entatehaug  der  aUkrystallinlsoheii  SchiefergestelDe,  etc.    Bonn,  188i. 
«Geol.  Mag.,  London,  Nov..  1886. 

^Prosidential  addrcsA  to  the  Geological  Society,  Feb.,  1880.,  Quart.  Jour.  Geol.  Soo.  London,  toL  48, 
Proc,  p.  ©6. 
»S«e  also  tho  writer,  Pop.  Sci.  Monthly,  Sept.,  1889. 
•  Nature,  March  3, 1887,  p.  417.  ^  i 
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the  substance  necessary  to  form  a  new  compound  of  intermediate  com- 
position, more  stable  for  the  then  existing  conditions  than  either.  Such 
a  case  is  the  formation  of  a  homblendezone  between  crystals  of  olivine 
or  hypersthene  and  plagioclase,  or  of  the  so-called  "  kelyi)hite''  zone 
between  pyrope  and  serpentine;  (3)  in  more  complicated  and  less 
easily  understood  chemical  reactions,  like  the  formation  of  garnet  or 
mica  from  materials  which  have  been  brought  together  from  a  distance 
and  under  circumstances  of  which  it  is  at  present  impossible  to  state 
anything  with  certainty. 

All  such  changes  involving  an  actual  change  in  the  chemical  com- 
position are  best  designated  in  contrast  to  those  produced  by  para- 
morphisra,  as  metasomatic.^ 

Of  course  all  of  these  metamorphic  changes  of  a  mineralogical  char- 
acter— whether  paramorphic  or  metasomatic — may  go  on  in  all  conceiva- 
ble proportions  in  a  rock  mass  at  the  same  time.  They  are  often 
accompanied  by  changes  in  the  original  structure  of  the  rock,  but  not 
of  necessity,  although  such  changes  of  structure  can  not  be  accom- 
plished without  chemical  alteration. 

Chemical  changes  in  minerals  and  rocks  have  occupied  the  attention 
of  mineralogists  and  chemists  from  the  beginning  of  the  century,  and 
yet  it  is  almost  exclusively  in  sedimentary  rocks  that  such  studies  have 
been  carried  on.  Only  within  recent  years  have  the  mineralogical  met- 
amorphoses which  take  place  in  eruptive  rocks  commenced  to  receive 
their  proper  share  of  consideration.  Lessen,  Tornebohm,  and  J.  Leh- 
mann  were  the  first  in  Europe  to  recognize  the  importance  of  such  in- 
vestigations; while  it  will  ever  remain  one  of  the  most  signal  services 
which  Dr.  Wadsworth  has  rendered  to  petrography  that  he  was  the 
first  in  America  to  fully  grasp  their  significance  and  to  emphasize  it. 

It  would  be  quite  beyond  the  purpose  of  the  present  paper^  even  if 
it  were  possible,  to  give  a  complete  summary  of  all  that  has  been  done 
on  the  subject  of  chemical  changes  in  eruptive  rocks.  In  this  place  the 
attempt  will  be  made  only  to  trace  out  historically  some  of  the  more 
important  alterations  which  have  a  direct  bearing  upon  the  rocks  form- 
ing the  subject  of  this  investigation.  Important  and  wide-spread  phases 
of  the  metamorphism  of  eruptive  rocks — such,  for  instance,  as  serpen- 
tinization — which  are  not  exemplified  within  the  area  studied  will  not 
be  here  considered.  On  the  other  hand,  minor  details  or  local  modifi- 
cations of  well  known  and  universally  recognized  processes  will  be  elab- 
orated in  the  course  of  the' special  petrographical  descriptions  (Chap- 
ters II-V)  and  summarized  in  Chapter  VI. 

The  points  which  will  be  historically  considered  in  this  chapter  are 
the  following: 

{l.)UraUiizationy  or  the  secondary  origin  of  hornblende,  both  fibrous 
and  compact,  from  pyroxene. 

*  Tliis  term  i«  preferrod  to  methyloftig  of  KInfj  and  Rownf^y  ("An  old  chapter  of  the  geological  record 
"•rtth  »  new  interpretation;"  London,  1881),  and  Bonuoy  (Quart  Jour.  Geol.  Soc,  London,  voL  42, 
1^6,  Proc,  p.  69),  and  to  metaehemic  of  Dana  (Am.  Jour.  Sci.,  1886, 3d  aeriee,  voL  82,  p.  70),  because  it 
Itat  pTMont  80  much  more  widely  ased  and  henoe  so  much  more  intelligible. 
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(2.)  Chloritization. 

(3.)  Epidotization. 

(4.)  Formation  of  the  viridite  {chlorite)  epidote  aggregate. 

(5.)  Sdussuritization. 

(6.)  Formation  q/  tJ^  albite  mosaic. 

(7.)  Sericitization, 

(8.)  Alterations  of  titanic-iron, 

TJralitization. — Ever  siuco  the  classic  record  of  observations  made  by 
Gustav  Bose  in  the  UrahMouDtains  in  1830,^  the  fact  has  remained  an* 
disputed  that  pyroxene  sometimes  changes  to. an  aggregate  of  ampbi- 
bole  needles  which  often  preserve  by  their  arrangement  the  original 
augitic  form.  It  was  not  long  before  other  similar  occurrences  were 
discovered,  notably  in  Scandinavia  and  the  Tyrol.  Still,  these  localities 
were  regarded  as  exceptional,  and  it  was  impossible  that  the  full  geo- 
logical importance  of  Kose's  uralite  should  be  appreciated  without  the 
aid  of  the  microscope.  With  the  help  of  this  instrument  it  was  soon 
discovered  that  the  smaragdite  of  the  saussurite  gabbros  or  euphotides 
was  a  secondary  hornblende  which  had  originated  from  the  diallage* 
As  the  number  of  observers  and  observations  increased,  instances  of 
the  undoubted  passage  of  every  sort  of  pyroxene  into  a  fibrous  amphi- 
bole  grew  constantly  more  and  more  abundant.  It  would  be  useless 
to  attempt  to  trace  out  these  discoveries  in  detail.  It  is  enough  merely 
to  mention  the  names  ot  Kose,  Vom  Eath,  Fischer,  Hagge,  Zirkel,  Vpn 
Lasaulx,  Rosenbusch,  TornebOhm,  Svedmark,  Sjogren,  Becke,  Kloos, 
Michel-L6vy,  A-llport,  Phillips,  Teall  and  Hatch,  in  Europe,  and  of 
Hawes  in  this  country,  to  recall  the  accuracy  and  value  of  the  facts  re- 
corded, while  among  the  first  to  see  further  than  mere  facts  and  to  grasp 
the  full  geological  significance  of  this  wide-spread  change  may  be  placed 
Lessen,  Lehmanu,  Reusch,  Wadsworth  and  Irving. 

The  alteration  of  pyroxene  to  hornblende  is  almost  universally  alluded 
to  as  paramorphism,  and  such,  indeed,  it  may  be  in  some  instances. 
Still,  many  investigations  go  to  prove  that  it  is  very  often,  perhaps  al- 
ways, accomplished  by  chemical  change.  The  original  uralite  of  Rose 
was  too  soft  and  hydrous  to  be  compared  with  hornblende.  The  studies 
of  Forschhammer,  Rose,^  and  Svedmark ^  showed  that  when  augite 
changed  to  fibrous  hornblende,  magnetite  and  often  calcite  was  sepa.- 
rated  out  between  the  needles.  A  recent  opinion  by  Rosenbusch  on 
this  point  is  as  follows: 

This  nrah'tization  can  hardly  be  regarded  as  a  simple  act  of  molecular  rearrange* 
ment;  we  should  rather  expect  that  a  part  of  the  lime  contained  in  the  aufi^ite  would 
pass  into  other  combinations,  and,  in  fact,  epidote  is  an  almost  constant  companion 
of  uralite.* 

'Poggendorff  Annalen,  vol.  22.  1831 ;  vol.  31,  1834,  p.  617;  also  Roise  nach  dem  Ural,  vol.  2,  p.  342. 

«Ze!t8chr.  Pentsch.  gcol.  Geaell.  Berlin,  vol.  16.  1864,  p.  6. 

»Nouc«  Jahrbuch  filr  Mineral.,  1877,  p.  99;  Mikroa.  Pliysion:..  vol.  2,  2d  ed.,  p.  185;  vol.  1,  p.  472. 

•Dieee  UralitiBirnng  kann  nicbt  wohl  ein  cinfacbor  Act  molecnlar<»r  Unilagerang  scin,  ea  ist  viel 
mehr  za  ervarten,  daas  ein  Theil  dee  Kalkgehalta  des  Angita  in  andere  Yerbindnogen  iibergehe  aii4 
t^ta&chlioh  ist  Epidot  ein  nahexa  oos8t»nt6r  Begleiter  dea  UralitB.  ,  . 
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Dr.  B.  Harrington,  of  Montreal,  hixs  carefully  analyzed  three  stages 
of  alteration  between  pyroxene  and  a  secondary  fibrous  hornblende 
resulting  from  it,  and  has  found  that  during  the  change  there  has  been 
a  great  loss  of  lime  and  a  gain  of  magnesia,  silica,  and  the  alkalies.^ 
The  specimen  investigated  was  one  of  the  excellent  examples  of  uralite 
firom  the  apatite  mines  near  Ottawa,  Canada,  similar  to  those  named 
by  Thomson  "Raphilite.''^ 

Mr.  J.  J.  H.  Tcall  has  also  recently  discussed  this  point  in  connec- 
tion with  his  studies  of  the  alteration  of  the  Scourie  dike,^  and  is  of  the 
opinion  that  the  oxidation  of  iron  fipom  the  ferrous  to  the  ferric  state  is 
incident  to  the  change  Of  augite  to  hornblende. 

While  the  alt-eration  of  almost  any  pyroxene  into  fibrous  hornblende 
has  now  become  a  universally  recognized  fact,  the  possibility  of  the 
change  of  this  mineral  directly  into  compact  hornblende  is  by  no  means 
so  generally  admitted.  'So  admirable  an  observer  as  J.  H.  KIoos  has 
recently  based  his  distinction  between  primary  and  secondary  auiphi- 
bole  in  the  Black  Forest  gabbros  entirely  upon  their  compact  or  thin 
fibrous  character.*  Still,  the  work  of  many  investigators  shows  that 
this  is  by  no  means  a  reliable  criterion  in  all  cases. 

Svedmark  found  in  187^  that  the  pyroxene  of  the  Vaksala  porphyry 
passe<l  into  an  aggregate  of  stout,  compact  amphibole  needles.'  In 
1877  Strong  described  compact  brown  hornblende  in  the  Minnesota 
gabbros,  which  he  considered  to  have  originated  from  the  diallage ;  ° 
and  in  1878  Dr.  Greorge  W.  Hawes  described  and  figured  similar  occur- 
rences in  certain  New  Hampshire  rocks.'  In  1880  appeared  accounts 
by  Irving,  and  in  1882  by  both  Irving  and  Van  Hise,  of  compact  brown 
hornblende  originating  from  diallage.®  In  1880  C.  von  John  described 
the  alteration  of  diallage  to  compact  brown  hordblende  in  the  olivine 
gabbro  of  Bosnia.^  In  1883  Hj.  Sjogren  regarded  the  irregular  spots 
of  compact  brown  hornblende  which  occur  in  and  around  the  pyroxene 
of  the  wernerite  or  dipyre-diorite  of  Bamle  in  Norway  as  produced  by 
a  molecular  rearrangement  of  the  pyroxene  substance.'"  In  1884  similar 
observations  were  made  by  myself  in  certain  pyroxenites  of  the  "Cort- 
landt  Series,''  occurring  at  Montrose  Point  on  the  Hudson  liiver;  also 
in  tho  so  called  ''black  granite"  (gabbro)  from  Addison,  Me.,  and  in 
rocks  from  the  apatite  regions  of  Canada.^^    In  the  same  year  (1884) 

•Gcol.  Survey,  Canada.    Keport  of  progreai  for  1878-79.    Appendix  G,  p.  23. 

*Oatlincs  of  Mineralogy,  Geology,  etc.,  London,  1836,  vol.  1,  p.  153. 

»  Quart.  Jour.  Geol.  Soc.  London,  vol.  41,  1885,  p.  137. 

*Nene»  Jahrbach  fiir  Mineral.,  Bcilage-Band  3,  1884,  pp.  32, 33. 

*Qeol.  ForenlDgcns  Stockholm  Forbaodl.,  1876,  pp.  151-164;  Koues  Jahrbucb  fiir  Mineral.,  1877,  p.  99. 

•Neac«  Jahrbacb  far  Mineral.,  1877,  pp.  133,210;  Am.  Jour.  Sci.,  Dec,  1884,  p.  464. 

'The  Geology  of  Now  Hampshire,  vol.  3,  1878,  part  i  v,  Mineralogy  and  Lltbology,  pp.  57, 206,  pL  vii, 
figl. 

*G«oL  Wisconsin,  vol.  3,  (1880)  p.  170 ;  vol,  4.  (1882)  p.  662.  See  also  Gcpl.  Wisconsin,  vol.  1, 1883,  p. 
m,  and  Am.  Joar.  Sci.,  3d  series,  vol.  26,  p.  29,  188:^. 

*Gnxndlinien  der  Geologie  von  Bosuienllerzegovina,  Wien,  :  SSO.  (Cf.  Neues  Jahrbacb  fur  Mineral., 
Vm,  voL  2.    Referato,  p.  353.) 

»*G©oL  Foreningens  Stockholm  Forhandl.,  vol.  6,  p.  447,  1883.  (Cf.  Neaes  Jahrbuch  fiir  Mineral. 
1«M,  vol.1.    Referate,  p.  81.) 


u  Am.  Joar.  Sci.,  3d  series,  vol.  28,  Oct.,  1884,  p.  261. 
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A.  Schenck  qaotes  in  his  luaugaral  Dissertation  a  statement  made  by 
von  Lasaulx  in  1878,  that  pyroxene  passes  first  into  fibrous  and  subse- 
quently into  compact  brown  hornblende.^  Schenck  himself  observed  in 
the  Rimberg  diabase  from  the  upper  Ruhr  Valley  that  the  reverse  of 
this  was  true,  i.  e.,  that  the  pyroxene  passed  first  into  oouipact  brown, 
aud  this  subsequently  into  fibrous  green  hornblende.' 

The  secondary  hornblende,  so  well  described  and  figured  by  Teall  in 
the  Scourie  dike,  is  decidedly  compact  in  its  nature,^  nor  is  that  derived 
from  the  paramorphism  of  the  diallage  in  the  Saxon  *'  flaser-gabbros,'' 
according  to  the  observations  of  J.  Lehmann,  less  compact.*  Such 
eminent  authorities  as  Lessen^  aud  Koseubusch^  also  allow  that  there  is 
no  doubt  that  compact  basaltic  horublende  occasionally  results  through 
the  direct  paramorphism  of  diallage,  or  even  orthorhomi  ic  pyroxene. 
The  chemical  composition  of  the  original  mineral  undoubtedly  largely 
conditions  the  nature  of  the  resultant  produ^H.  This  is  shown  by  the 
observations  of  von  John  in  the  Flysch-gabbros  of  Bosnia,  where  brown 
hornblende  resulted  from  dark  and  green  horublende  from  pale  diallage.*^ 

These  facts  are  dwelt  upon  here  somewhat  iu  detail  because,  as  will 
been  seen  in  the  sequel,  they  have  possibly  an  important  bearing  on  a 
large  i^art  of  the  Menominee  River  greenstones. 

It  is  not  intended,  of  course,  to  imply  by  the  above  statements  that 
true  parallel  growths  of  primary  augite  and  primary  brown  hornblende 
may  not  occur,  as  held  by  both  Lessen  and  Rosenbusch  (loc.  cit.). 
Such  parallel  growths  would  have  the  closest  possible  resemblance  to 
alteration  forms,  and  I  can  not  escape  the  conviction  that  the  tendency 
of  future  studies  will  be  to  attribute  a  secondary  origin  to  more  and 
more  of  such  intergrown  brown  hornblende. 

The  derivation  of  fibrous  or  actinolitic  hornblende,  quite  identical  in 
all  respects  with  uralite,  from  compact  horublende  (whether  brown  or 
green)  seems  hitherto  to  have  been  much  neglected.  Inostrauzeff  in 
1879  described  Russian  diorites  iu  which  the  original  hornblende  had 
passed  into  secondary  actinolite,  as  well  as  into  biotite,  chlorite  and 
talc.^  Becke  also,  in  1882,  mentions  uralite  formed  from  l>oth  pyroxene 
and  compact,  primary  hornblende,  in  the  kersantite  of  the  '^l^icder- 
oesterreichisches  Waldviertel."^ 

Descriptions  have  also  been  given  by  myself  of  compact  brown  horn- 
blende changing  into  the  green  fibrous  variety  in  the  Baltimore 
gabbros.*® 


>  Verb.  a.  oatarh.  Voreinsd.  pr.  Rheinl.  and  Wfgtf.,  1878,  p,  171,  pi.  iv,  fig.  4. 

'  Die  Diabase  des  oberen  Buhrtbals.  etc..  iDaugnral-DissertatiuD.    Bouu,  1884,  p.  41. 

'Quart.  Jour.  Geol.  Soc.  London,  vol.  41,  p.  137,  1S85,  pi.  ii,  fl);.  2. 

*  Ueber  die  Entstehuug  der  altkryi»tallinibcben  Scbicfergestcine.  etc.    Bonn,  1884. 

« Jahrbuch  preoBS.  geol.  Landesanstalt  fiir  IS-^I,  p.  537,  Berlin,  1885. 

•Mikroe.  Phygiog.,  2d  ed.,  vol.  2,  1887,  pp.  141,  209. 

'Ueber  kryst.  Gent.  Boaniens  nnd  der  Herzegovina  iu  Gruudlinien  der  GeoL  von  Bosnien-Henogo- 
vina,  Wien,  1880  (ref.  Neues  JabrbucU  fiir  Mineral.,  1881,  vol.  2.    Rcferatc,  p.  353). 

"Studien  tiber  metamorpbosirte  Go«teine  im  Gouvememeut  Oleuez.  Leipzig,  1870  (</.  Neaos  Jabr- 
bacb  ftlr  Mineral..  1880,  vol.  2.    Boferate,  p.  342). 

'Tsobermak's  mineral,  a.  petrog.  Mittbeil.,  vol.  6, 1883,  pp.  157-159. 

WBulL  U.  S.  GeoL  Survey,  No.  28.  p.  45.  Digi^i.^d  by  GoOglc 
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The  common  alteration  of  rock-forming  hornblende  appears  to  be  to 
chlorite  or  to  epidote,  or  into  an  aggregate  of  both  these  minerals. 
This  is  almost  the  only  change  mentioned  by  Eosenbusch  in  his  most  re- 
cent works,  although  in  one  place  he  says :  *'*  *  ♦  bei  Chloritisiriing 
fisert  sich  die  Hornblende  aus  ♦  *  •  ?'  etc.^  That  this  change  of 
compact  to  fibrons  hornblende  is,  however,  of  great  importance,  the  rocks 
described  in  the  sequel  will  abundantly  prove. 

Chloritization.—Axi  admirable  exposition  of  the  present  state  of  our 
knowledge  relative  to  the  so-called  "chloritic  constituent  of  the  dia- 
bases and  allied  rocks  is  to  be  found  in  the  most  recent  work  of  Eosen- 
busch.* The  secondary  hydrous  minerals  of  a  green  color,  whose  almost 
universal  presence  has  brought  to  this  whole  class  of  rocks  the  gen- 
eral designation  "greenstone,"  owe  their  existence  to  the  processes 
known  a>8  weathering,  rather  than  to  such  as  may  be  strictly  called  met- 
amorphic  There  can  be  but  little  doubt  that  they  have  been  formed 
mainly  out  of  the  components  of  the  pyroxene,  although  these  wander 
so  during  the  process; of  the  alteration  that  the  new  products  by  no 
means  occupy  the  exact  position  of  the  original  mineral.  It  seems  pos- 
sible to  distinguish  two  classes  of  such  secondary  substances :  First, 
such  as  are  more  or  less  fibrous  in  structure,  without  pleochroism,  and 
have  a  decided  action  upon  polarized  light;  and,  second,  such  as  are 
scaly  in  structure,  with  pleochroism  and  so  weakly  polarizing  as  to 
api^ear  isotropic.  The  first  class  embraces  substances  allied  to  serpen- 
tine ;  the  second,  thbse  which  more  or  less  closely  resemble  chlorite. 
In  certain  cases  thfey  have  been  chemically  identified  with  such  indefi- 
nite species  as  delessite,  grengesite  (Hisiuger),  seladonite,  chlorophaeite 
(Maccnlioch),  epichlorite  (Eammelsberg),  diabantachronnyn^  (Liebe),^ 
and  diabantite  (Hawes).^  All  of  these  substances  resemble  each  other 
more  or  less  closely  in  both  i>hysical  and  chemical  behavior,  and  I  am 
inclined  to  agree  with  Eosenbusch**  in  preferring  the  generic  term 
^^chlorite^  or  ^^chlaritic  substance^  for  them,  to  even  the  indefinite  des- 
ignations ''^viridite^^  of  Vogelsang®  or  ^' chloropite^^  of  von  GUmbel.  In 
fact  Keungott  has  shown  that  the  formula  of  diabantachronnyn  may 
be  brought  quite  into  accord  with  that  of  tj^pical  chlorite  J 

Liebe  found  the  greenish  coloring-matter  of  the  dark  titanic  iron 
diabases  of  Yoigtland  and  Frankenwald  to  be  picrolite  (serpentine),  and 
it  18  not  nnosual  to  bbserve  the  curious  vermicular  aggregates  of  cir- 
eolar  chlorite  scales  to  which  Volger  has  given  the  namehelmiuth.^ 

It  is  well  known  that  the  results  produced  by  the  weathering  of  horn- 

*)Cikros.  Physlog.,  2d  ed.,  voL  2,  1887,  pp.  468,469. 

s  Ibid.,  pp.  10(^184. 

*Keoe0  Jabrbach  f&r  MinoraL,  1870,  p.  2. 

•Am.  Jour.  ScL,  8d  »«rie»,  vol.  9, 1876,  pp.  464-457;  Geol.  New  Hampabire,  rol.  3,  part  3 ;  1878,  p.  120. 

•Mlknm.  Physlog..  2d  ©d.,  vol.  2, 1887,  p.  183. 

•ArchlVM  N6erlandalBe«,  vol.7,  1872;  Zeitecb.  Deutsch.  geol.  Geaell.,  vol.  21,  1872,  p. 529. 

'Henea  Jabrbacb  fiir  Mioeral.,  1871.  p.  51. 

^Stmdiea  zur  Entwickelungsgoschichto  der  Mineralieo,  1854,  p.  142. 
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blende  or  mica  are,  in  most  instances,  qnite  similar  to  those  jost  de- 
scribed in  the  case  of  pyroxene.  Such  a  change  of  hornblende  may  have 
an  eqdal  importance  in  those  greenstones,  like  a  large  proportion  of 
those  to  be  considered  in  this  paper,  whose  bisilicate  constituent  was 
originally  augite,  but  which  was  subsequently  changed  by  a  truly  meta- 
morphic  process  (uralitization)  to  hornblende  before  the  final  weather- 
ing commenced. 

The  last  result  of  the  action  of  the  atmospheric  influences  upon  the 
chlorite  is,  as  Bosenbusch  long  ago  showed,  to  convert  it  into  an  aggre- 
gate of  limonite,  carbonate,  and  quartz. 

Hpidotizatian. — The  most  careful  and  detailed  observations  on  this 
process  are  to  be  found  in  the  Inaugural  Dissertation  of  Adolf  Schenck 
on  the  Diabases  of  the  upper  Buhr  Valley  and  their  Contact  Phenom- 
ena.^ This  investigator  finds  that  certain  of  these  diabases  are  converted 
into  ^^Epidosites,"  or  aggregates  of  ei^idote  and  either  quartz  or  calcite. 
He  suggests  the  only  three  possible  hypotheses  for  the  formation  of 
this  epidote,  viz:  (1)  That  it  was  formed  by  the  action  of  ihedecomposi- 
tion  products  of  the  bisilicate  (mainly  CaO  and  FcaOa)  upon  the  feld- 
spar substance ;  (2)  That  the  reverse  was  true,  i.  e.,  that  the  decomposi- 
tion products  of  the  feldspar  (mainly  AI3O3  and  CaO)  acted  upon  the 
pyroxene;  (3)  That  there  was  a  mutual  reaction  between  the  decom- 
position products  of  both  the  original  constituents.  The  first  of  these 
hypotheses  is  regarded  by  the  author  as  the  only  tenable  one  for  the 
rocks  which  he  studied,  because  in  all  those  diabases  which  contained 
much  epidote  the  feldspar  was  remarkably  fresh  and  the  pyroxene  de- 
composed, while  in  those  whose  feldspar  was  extensively  altered  epidote 
was  almost  wanting.  Observations  of  the  change  of  feldspar  to  epidote 
are  cited  from  the  writings  of  Dathe,  Cohen,  Bosenbusch,  Liebisch,  von 
Lasaulz,  Inostranzeff,  Zirkel,  Michel  L^vy,  Eiibn  and  Scheilitz;  and  even 
more  authorities  are  quoted  to  show  that  this  same  mineral  originates 
from  augite,  or  more  commonly  from  hornblende  or  nralite.  If  iron  is 
not  at  hand,  the  place  of  the  epidote  appears  to  be  tak6u  in  the  feld- 
spar by  zoisite.  An  excellent  example  of  the  origin  of  epidote  as  a  re- 
actionary rim  between  the  substance  of  hornblende  and  plagioclase  has 
been  described  and  figured  by  myself  in  the  Baltimore  gabbros  and  their 
derivatives.  Here  the  epidote  forms  a  continuous  border  around  the 
hornblende,  iis  crystals  projecting  from  it  outward  into  the  feldspar* 

Viridite  {chlorite)- Epidote  Aggregate, — The  simultaneous  action  of  the 
two  last  described  processes  (chloritization  and  epidotization)  in  an 
aluminous  pyroxene  or  hornblende  results  in  the  production  of  an  ag- 
gregate consisting  ot  sharply  defined,  pale  yellow  crystals  of  epidote, 
imbedded  in  a  green,  scaly  mass  of  chlorite.  The  appearance  of  this 
under  the  microscope  is  shown  on  PL  XI,  fig.  1.  The  magnesia,  together 

>Die  DiabaM  des  oboreii  Rnhrthals  and  ihre  Contacteracheioimgen  mit  dem  LennesoMefer.    Boon, 
1884. 
«BuU.  U.  S.  Geol.  Survey,  No.  28,  1886,  p.  32.    PI.  ill,  Fig.  2. 
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with  a  proportion  of  the  iron,  alamina  and  Bilica,  have  here  formed 
the  chlorite ;  while  the  lime,  instead  of  becoming  a  carbonate,  as  it  often 
does,  has  become  fixed,  in  combination  with  the  rest  of  the  4ron9 
alumina  and  silica,  as  epidote. 

Sach  aggregates  have  not  escaped  the  notice  of  petrographical  stu- 
ieots,  though  curious  mistakes  have  sometimes  arisen  as  to  their  true 
nature  and  origin. 

In  1874  Dathe  described  this  association  of  chlorite  and  epidote  with 
great  correctness  and  precision.    He  says : 

When  secondary  products  become  abandant  and  the  leek-green  Tiridite  increases 
ill  atuoanD  and  distribntion,  then  there  are  often  associated  with  this  light  yeUow 
erystals,  whose  difference  from  the  ylridite  is  very  apparent  under  the  microscope.  In 
the  progress  of  my  studies,  I  have  recognized  these  crystals  as  pistazlte.^ 

In  1876  Zirkel  described  the  change  of  hornblende  to  an  aggregate  of 
epidote,  viridite  (chlorite)  and  magnetite,  with  which,  in  many  instances, 
more  or  less  calcite  was  associated.' 

In  the  same  year,  Wichmann,  in  his  paper  on  the  iron  rocks  of  the 
south  shore  of  Lake  Superior,  which  was  not,  however,  i>ublished  until 
1880,'  described  this  chlorite  epidote  quite  correctly  in  some  instances, 
although  he  says  that  it  fs  beyond  doubt  that  the  epidote  has  been  formed 
oat  of  the  viridite.  In  other  cases  he  regards  the  mineral  imbedded  in 
the  viridite  as  a  secondary  augite,  which,  as  in  the  last  instance,  he 
thinks  was  formed  from  the  chlorite.    He  says  of  this:* 

The  phenomenon  of  the  transformation  of  viridite  into  augite  has  not  been  observed 
UDtU  recently.  It  is  very  interesting  to  have  the  fact  established  that  this  mineral, 
after  having  been  changed  into  another,  has  finally  returned  to  its  former  state.  *  *  * 
Such  individuals  are  only  present  in  viridite  and -do  not  seem  to  occur  in  any  other 
part  of  the  rook. 

George  F.  Becker  in  the  course  of  his  microscopical  studies  of  the 
rocks  of  the  Comstock  Lode,  Nevada,  which  were  either  identical  with 
those  investigated  by  Zirkel,  or  very  closely  allied  to  them,  found  the 
same  change  of  bisilicates  to  an  aggregate  of  chlorite  and  epidote  which 
the  latter  observer  had  recorded.  Mr.  Becker  is,  however,  very  posi- 
tive that  the  epidote  has  been  developed  after  and  at  the  expense  of  the 
ehlorite,  instead  of  simultaneously  with  it.^  This  he  attempts  to  explain 
upon  chemical  grounds.®  The  improbability  of  Becker's  supposition 
was  brought  out  by  Bosenbusch  in  a  review  of  his  work.'' 

In  this,  as  well  as  in  his  more  recent  text-book,^  Bosenbusch  clearly 

>  Worn  dio  Keabildanf^sprodacte  sioh  im  Qestein  hiiafen,  weon  der  laaohgr^De  Viridit  [ChloritJ  an 
ICuae  and  Verbreitimg  zunimmt,  stellen  sioh  oftmala  oeben  letEteren  llchtgelbliohe  Gebilde  ein, 
dirw  Verschiedenheit  vom  Viridit  boi  mikroskopisober  Betraohtong  aofort  in  die  Angen  springt.  Im 
V«rlAaf  der  Untersuobnng  wurden  diese  Gebilde  aU  Piataslt  erkannt.  MikroBkopisohe  TJnter 
Mchongeii  ftbor  Diabase.    Zeitsch.  Dentsch.  geoL  Geaell.,  vol.  26, 1874,  p.  16. 

'lOeroMopioal  Petrography.  Washington,  1876,  p.  66,  PI.  ill,  Figs.  2  and  8. 

*  G«oL  Wisconsin,  toL  8, 1880,  pp.  600-656. 

«Ibid.,pp.623.624. 

*Tlii»  G«olog7  of  the  Comstook  Lode.    Monograph  IT.  S.  Geol.  Survey,  toL  8,  p.  76l 

■IWd^  pp.  211-214. 

rBreaMJahrbachl1irMin6raL,]88i,Tol.2.    Beferate,  p.  189.  ^  t 

*lQki<Q0.  Phyaiog.,  2d  ed.,  vol.  2,  pp.  108, 183.  Digitized  by  VjOOQ  IC 
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abows  that  the  true  deviation  of  the  chlorite-epidote  aggregate  is  to 
be  foand  in  a  division  of  the  bisilicates  out  of  which  it  is  formed, 
the  Mjaguesia  passing  into  the  chlorite  and  the  calcium  and  ferric  iron 
into  the  epidote.  The  triclinic  feldspar  may  often  materially  assist  in 
this  formation  by  fumishiog  the  necessary  lime. 

Nor  is  this  mistake  of  Mr.  Becker's  a  new  one.  Francke  in  1875  de- 
scribed the  same  mineral  association  and  gave  the  same  explanation  for 
it;*  while  in  1880  Schauf,»  in  1882  liiemann,^  and  in  1884  Schenck  cor- 
roborated the  observation,  although  both  Schauf  and  Sciienck*  raised 
unanswerable  chemical  objections  to  the  derivation  of  the  epidote  from 
the  chlorite. 

8au88uritization. — The  bard,  compact,  whitish  or  greenish  substance, 
without  luster  or  cleavage,  which  forms  one  of  the  two  main  comi>onents 
of  the  certain  coarse  gabbrps  or  euphotid^s,  was  called  by  H.  B.  Saus- 
sure,  in  1780,  "jade."*  In  1806  Th.  Saussure  named  this  mineral,  in 
honor  of  his  father,  "saussurite,®  but  its  true  nature  continued  for  over 
half  a  century  to  elude  all  mineralogists.  As  long  as  chemical  analysis 
was  the  only  means  with  which  it  could  be  studied,  any  satisfactory 
solution  of  the  riddle  seemed  to  be  impossible.  Such  investigators  us 
vom  Rath,'  Klaproth,^  T.  Sterry  Hunt,*  and  many  others  obtained  the 
most  diverse  results;  the  composition  in  some  cases  approaching  that 
of  zoisite,  in  others  that  of  garnet,  scapolite,  or  feldspar.  In  1866,  Zir- 
kel  remarked,  at  length,  upon  the  extremely  imperfect  state  of  knowl- 
edge regarding  this  geologically  important  mineral.^" 

It  remained  for  the  microscope  to  disclose  the  composite  nature  of 
saussurite  as  well  as  to  point  out  the  true  significance  of  it«  origin  and 
occurrence. 

Hagge  was  the  first  to  correctly  describe  saussurite  as  an  aggregate  of 
colorless  or  greenish  crystal  needles,  prisms  or  grains,  irregularly  scat- 
tered through  a  colorless,  glassy-looking  matrix."  He,  however,  retained 
the  name  saussurite  for  the  included  grains,  and  did  not  attempt  to  de- 
termine their  mineral  nature,  naggealso  clearly  recognized  that  in  all 
cases  observed  by  him  the  saussurite  was  a  product  of  the  alteration  of 
feldspar,  and  that  the  passage  from  one  mineral  to  the  other  was  a  grad- 
ual one  which  the  microscope  could  easily  follow."    These  results  were 

1  Stndien  fiber  CorillereDsceaieine.    Inaugural- DUsertation.    Leipzig,  1875. 
>  Terhl.  d.  nat.  Vereins  d.  pr.  RbeinL  a.  Wostf.,  1880,  p.  6. 
»  Ibiil.,  1882,  p.  256. 

*  Inaugunvl-Dissertatioii.    Bonn,  1884,  p.  45. 
'Voyagea  dans  lea  Alpes,  voL  1,  NeucfaAtel,  1779,  p.  83. 

*  Annalea  de  chiraie  et  de  pbysiqne,  3d  seriee,  vol.  16,  p.  469. 
»  Poggendoi-ff  Annalen,  vol.  96, 1856,  p.  655. 

"Boitrilge,  vol.  4,  p.  271. 

»  Am.  Jour.  So!.,  2d  series,  voL  27, 1859,  pp.  336-349. 

»»  Lehrbnch  der  Petrographie,  voL  1,  p.  27 ;  voL  2,  p.  110, 1866. 

"  Mikroskopische  UnterDuchnngen  iiber  Gabbro  and  verwandte  (re«teino.  Kiel,  1871.  On  p.  61  he 
says:  " Dor  Saussnrit  besteht  aus  kleinen  Krystallnadula,  Prisroen  nnd  Kuruem,  die  farblos  oder 
blass^n  sind  and  regelloa  in  einv  wie  ein  farbloses  Glas  aussehenden  Grandmaaae,  die  auch  viel. 
faob  klare  Spalten  in  dem  Saussarit  bildot,  vertbielt  liegen." 

"Ibld^pp.  35and51. 
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quoted  by  Zirkel  in  bis  textbook,  published  in  1873.*  The  conclusion 
that  saussurite  was  ''  an  aggregate  and  probably  the  end  product  of  a 
molecular  rearrangement  in  the  feldspar"  was  also  reached  by  Jiosen- 
biiscb  in  the  same  year.=^ ,  In  1878  Becke  showed  that  the  saussurite  of 
certain  Grecian  rocks  was  largely  zoisite  f  and  in  18 S3  appeared  the  im- 
portant paper  by  Oathrein  upon  this  subject*  This  author  draws  from 
his  work  the  following  six  conclusions  as  to  the  nature  of  saussurite. 
'  (1)  The  so-called  saussurite,  far  from  being  a  homogeneous  mineral, 
is  an  aggregate  of  plagioclase,  rarely  orthoclase,  with  zoisite.  Actino- 
lite,  chlorite,  and  other  minerals  may  also  occur  as  accessories. 

(2)  The  chemical  composition  of  saussurite  resembles  most  that  of 
the  lime  soda  feldspars ;  it,  however,  contains  less  silica,  more  lime,  and 
has  a  higher  specific  gravity. 

(3)  The  proportions  of  the  saussurite  elements  can  be  calculated  from 
the  amounts  of  alkalies,  lime,  and  iron,  if  we  know  the  species  of  the 
original  feldspar. 

(4)  This  proportion  can  also  generally  be  calculated,  even  when  this 
last  factor  is  unknown,  by  a  consideration  of  the  relative  difference  of 
silica,  alumina  and  lime  in  zoisite  and  auorthite. 

(5)  Saussurite  is  a  product  of  the  metamorphism  of  feldspar  through 
an  exchange  of  silica  and  alkali  for  lime,  iron  and  water. 

(6)  The  epidotization  of  feldspar  is  genetically  the  same  process  as 
8au8Suritization  and  dlft'era  only  in  the  larger  proportion  of  iron  required. 

H.  Reusch  considered  the  saussurite  which  composed  a  large  part  of 
the  Bergen  gabbros  as  partly  epidote,  partly  zoisite.*  Traubc  found 
the  structure  and  composition  of  the  saussurite  occurring  in  the  gab- 
bros of  Lower  Silesia  to  be  like  that  described  by  Oathrein,^  while 
Brogger  mentions  neither  epidote  nor  zoisite,  but  regards  some  mem- 
ber of  the  scapolite  family  as  probably  present  in  the  saussurites  studied 
by  him  J  Paul  Michael  has  recently  investigated  the  saussurite-gabbros 
of  the  Fichtelgebirge  in  Bavaria  and  concludes  that  two  main  types  of 
saussurite  occur  there.  One  of  these  consists  mainly  of  zoisite,  with 
more  or  less  alkaline  feldspar,  and  the  other  is  composed  of  a  pale  lime 
alumina  garnet  together  with  serpentine.^ 

J.  Lehmauu^  and  Lessen ^°  were  the  first  to  recognize  in  the  saussur- 
iiization  of  feldspar  a  result  of  dynamic  or  regional  metamorphism — an 
idea  which  Rosenbusch  has  lately  mOre  clearly  developed  and  elabo- 

'  Die  mikroskopiaohe  Beschaffeoheit  der  Mineralien  and  Gesteine.    Leipzig,  1873,  p.  143. 

*Diepetrograpbiftch  wicbtigeu  Mlneralieu,  1873,  p.  356. 

'Tschermak'a  mineral,  n.  petrog.  Mittbeil.,  vol.  I,  1878,  p.  247. 

•Zeitodir.  Kryst,,  vol.  7.  1883.  p.  234. 

'Die  fo8silien-f&lirGnden  krystalliniftchen  Scbiofer  von  Bergen  in  Norwegen.  German  translation  by 
Baldant  1883.  p.  40. 

'Beitrige  zar  Kenntnbw  der  Gabbros,  AniphiboUtound  Serpentine  dee  nieder-Bobloaiscben  Gebirgoa. 
Inang.  DiMcT..  1884,  pp.  7. 20. 

'XytMag.  for  Nutarvidi^nskabeme,  vol.  28,  1884,  p.  253. 

•Nenea  Jalirbucb  fiir  Mineral,  1888,  vol.  1,  pp.  30-41. 

'Unteraacbuugen  iiber  die  Entstebuug  der  altkrystalllniscben  Schiefergestelno,  etc.  Bonn,  1884, 
pp.  197. 199. 

MJ'ahrbiifih  k.  preoM.  geoL  Landesiinstalt  fiir p. f    Vx  r^  ^  I  /^ 
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rated.^  This  last-uauied  authority  shows  that  the  new  mineral  devel- 
oped in  the  feldspar  is  by  no  means  always  of  necessity  zoisite  or  epi- 
dote.  It  may  also  be  garn^t^  or  a  mineral  of  the  scapolite  family.  He 
remarks:'  • 

The  snm  total  of  theso  new  prodacts,  which  are  certainly  uot  produced  by  normal 
weatheriDg,  bat  are  dae  to  a  metamorphic  process,  we  designate  as  the  aauMuritiza' 
tion  of  feldspar. 3 

Miehel-L6vy  was  the  first  to  show  that  the  so  called  "  spotted-gab- 
bro  (gefleckter  Gabbro)  of  Brogger  and  Reasch  was  a  mixture  of  am- 
phibole  and  wemerite  ;*  and  Sjogren  haa^ince  Remonstrated  that  the 
latter  mineral  is  secondary  to  feldspar,  and  the  first  to  pyroxene. 
Fouqu6  and  Michel-L^vy  tried  the  interesting  experiment  of  Rising  this 
rock,  and  obtained  therefrom  an  aggregate  of  pyroxene  and  labradorite.® 

Formation  of  th^  Albite  Mosaic. — Analogous  and  closely  related  to 
the  saussuritization  of  feldspar  are  cases  where,  in  the  process  of  its 
alteration  by  metamorphism,  the  lime  is  more  or  less  completely  re- 
moved or  crystallized  as  calcite,  instead  of  forming  a  calcium  silicate. 
In  such  instances  the  alkaline  portion  of  the  plagioclase  molecnie  crys- 
tallizes in  the  form  of  a  fiuely  granular  aggregate,  or  mosaic  of  limpid 
grains  (albite).  These  may  be  wholly  devoid  of  twinning  lamellae  and 
often  closely  resemble  quartz,  with  which  they  are  not  infrequently 
associated.  Of  course  such  mosaics  are  connected  by  every  stage  of 
transition  with  saussurite,  according  as  more  or  less  of  the  lime  has  re- 
mained as  a  calcium  silicate  (zoisite  or  epidote). 

Such  a  granulation  of  the  feldspar  substance  has  already  been 
alluded  to  under  the  head  of  microstrnctural  metamorphism;  but,  inas- 
much as  a  complete  solution  and  recrystallization  of  clear  feldspar  sub- 
stance often  takes  place,  it  belongs  quite  as  much  to  this  division  of  the 
subject.  The  geological  significance  of  this  method  of  feldspar  altera- 
tion, especially  in  certain  basic  eruptive  rocks  like  diabase,  has  been  most 
persistently  emphasized  by  TiOssen.  He  has  shown  how  it  may  result 
in  the  total  obliteration  of  the  original  and  characteristic  rock-struct- 
ure, and  how,  therefore,  it  may  prove  most  misleading,  unless  its  nat- 
ure and  origin  are  clearly  understood.'  J.  Lehmanu,^  Teall,^  and  others 
have  also  observed  and  commented  on  such  a  secondary  feldspar 
mosaic. 

Serieitization, — The  soft,  unctuous  mineral  characteristic  of  so  many 
slates  and  schists  was  formerly  regarded  as  talc.    This  gave  rise  to  the 

iMikros.  Phy8iog.,2d  ed.,  vol.  2, 1886,  p.  164. 

«lbid..p.  137. 

■  "Die  Gesammtheit  dieser  Neabildunf;eD,  die  Bichorkoine  Art  dernornialer  VorwitteroDg,  aondem 
ein  metamorplier  Vorgang  ist,  bezeiclinot  roan  als  die  SaiusuritUirtmg  des  Feldspaths." 

4  Ball.  Soc.  Mineral,  de  France,  voL  1,  1878,  pp.  43,  79. 

•Geol.  Forenlngens  Stockholm  Forhandl.,  vol.  6,  1883,  p.  447  (NeuesJabrbncb  far  Minend.,  1884,  voL 
1,  referatep.  81). 

ORull.  Soc.  Min6raL  de  France,  vol  2, 1879,  p.  105. 

' Jabrbacb  preuss.  geol.  Landeaanstalt  fUr  1883,  p.  640  PL 29 ;  Ibid.,  1884,  pp.  525^630,  PL  XXIX,  Figs. 
2  and  4. 

"  Uutorduchungon  iiber  die  Entatehung  der  altkrystallinischen  Scbiefergesteine,  etc,  1884,  p.  907. 

*Qiiart.Joar.  QeoL  Soc.  London,  YoL  41, 1885,  p.  138.  ,  , 
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common  designation  "soapstone''  or  **talcose  slates,'^  which  was  used 
very  early  in  America  by  Ainos  Eaton.^  As  early  as  1819,  however, 
Prof.  Chester  Dewey,  of  Williams  College,  made  the  statement  that  he 
was  able  to  detect  very  little  magnesia  in  the  specimens  which  he  ex- 
amined, while  alumina  was  abundant.  He  therefore  preferred  to  call 
these  rocks  micac^us  slates.^ 

In  Europe,  slates  of  this  kind  were  first  studied  from  the  Taunus, 
where  they  were  usually  regarded  astalcose  until  1847,  when  Sandber- 
ger  made  the  same  discovery  that  Dewey  had  made  with  regard  to  the 
American  rocks.^  List  subsequently  studied  more  carefully  this  mica- 
ceous constituent  of  the  Taunus  schists,  and  named  it,  on  account 
of  itssilky  luster,  »<  Sericite.''*  ScharflF  attacked  the  conclusions  of  List 
and  considered  sericite  to  be  only  a  mixture,*  while  Lossen  vigorously 
defended  the  individuality  of  the  mineral.^ 

The  sericite  was  soon  identified  by  many  investigators  in  the  rocks 
of  many  regions."'  Prof.  Dana  united  it  with  the  species  margaro- 
dite  and  damonrite  in  the  group  of  hydro-micas  and  called  this  class 
of  slates  the  hydro-mica  slates.  Of  these  so-called  hydro-micas  Prof. 
Dana  says : 

Hie  foUowing  species  [margarodite,  damonrite,  parophite,  sericite,  sericite  schist, 
groppite,  euphyUite,  cookeite,  voigtite,  roscoelite,]  are  mica-like  in  cleavage  and  as- 
pect, lint  talc-like  in  wanting  elasticity,  in  greasy  feel,  and  in  pearly  luster.  Thoy 
are  sometimes  brittle.  Common  mica,  muscovlte,  readily  becomes  hydrated  on  ex- 
poeore ;  but  hydrons  micas  are  not  all  a  result  of  alteration.  Hydro-mica  schists 
form  extensive  rock-formations,  equal  to  those  of  the  ordinary  mica-schists.^ 

In  1880  Laspeyres  made  a  very  thorough  examination  of  sericite 
and  showed  conclusively  its  identity  with  muscovite.*  It  diff'ers  from 
the  ordinary  form  of  this  species  only  in  its  compact  structure  and  in 
its  geological  significance;  but,  since  both  of  these  are  characteristics, 
there  is  a  decided  advantage  in  retaining  the  name  sericite,  especially 
in  petrography,  to  designate  a  peculiar  form  and  occurrence  of  musco- 
viie. 

The  alteration  of  orthoclase  into  kaolin  or  clay  was  very  early  known.'® 
The  corresponding  change  of  the  same  feldspar  into  mica  was  first  ob- 
served by  Haidinger  in  1841,'*  but  was  subsequently  found  to  be  not 


>  lodex  to  the  GooioKy  of  tbo  Korthem  Staten,  pp.  147, 174. 286. 

'Am.  Jonr.  Sci.  Ist  eerien,  vol.  1, 1819,  p.  340.  Than  tho  dijcovery.  nftoally  attributed  to  Sandberger, 
VM  anticipated  in  America  by  twenty-eiKht  years.    (Jf.  D^&na'a  Manual  of  Goolojiy,  3d  od.,  p.  72. 

*Uebenicht  d.  geoL  Verbaltnisse  d.  Herzogth.  NaHiiau,1847,  p.  94. 

'Jthrb.  d.  Vereinsf.  Natnrkande  im  Horzogtb.  Nassan,  vol.  6, 1850,  p.  126;  vol.  7,  1861,  p.  266;  voL 
1, 1852,  p.  128;  Annalen  Chem.  nnd  Pbarm.,  vol.  81,  1852,  p.  181. 

*Xeae«  Jabrbuch  fUr  Mineral..  1868,  p.  309;  ibid..  1874.  p.  271. 

•Zdtschr.  Deutacb.  mineral,  geol.  Gessell.,  vol.  19,  1867.  p.  509;  vol.  21. 1869,  p.  281. 

'«•  g-.  l>y  Picbler  in  tho  Tyrol.  Koues  Jabrbucb  fdr  Mineral.,  1871,  p.56 ;  by  Tdmebobm  in  Sweden, 
Veoes  Jahrboch  fUr  Minora!.,  1874, p.  141;  by  von  Lasaulx  in  the  Ardennes;  by  Grednorin  Saxony 
aad  bj  Wicbmann  in  the  Lake  Superior  rocks. 

*MaoaaI  of  Mineralogy  and  Petrography.    4th  ed.    New  York,  1887,  p.  315. 

•ZeitKhr.  Kryst.  vol.  4,  1880,  pp.  244-256. 

'*Blam:  PMudomorphoaen  d.  Mineralreiches,  1843,  p.  72. 

"Abh.d,k.b(Rim.    GeeelL  d.  Wiflecjaecbaft,  1841,  p.  4.    Blam:  Pseadoniorphosen,  l^acbtr.,  i,  1847, 
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uncommon.  Since  rocks  have  been  studied  with  the  microscope,  the 
change  of  potash  feldspar  to  muscovite  or  sericite  has  been  found  to 
possess  a  wide  significance,  especially  in  dynamic  metamorphism. 

There  seems  every  reason  to  believe  that  sericite  always  originates 
from  potash  feldspar  and  not  from  other  micas.  Its  constant  and  very 
intimate  association  with  quartz  shows,  as  first  pointed  out  by  Las- 
peyres,^  that  it  was  derived  from  an  acid  silicate. 

Any  rocks,  therefore,  whether  sedimentary  or  massive,  which  con- 
tain orthoclase,  may  give  rise  to  sericite ;  but  its  formation,  in  any  case- 
would  seem  to  require  the  action  of  some  great  dynamic  force.  The 
close  relation  between  dislocation  and  mica  formation,  so  clearly  illus, 
tratid  by  J.  Lehmann,*  is  in  an  eminent  degree  applicable  to  sericite. 
It  is  now  a  well  known  and  oft-recorded  fact  that  in  any  rock  mass, 
where  the  strains  and  stresses  have  been  the  most  intense,  there  the 
micaceous  minerals  are  most  abundant ;  and  if  the  rocks  are  orthoclas- 
tic  these  will  be  largely  sericite.  Sericitization  is  therefore  a  phenome- 
non of  dynamic  metamorphism.  It  is  in  a  way,  as  Lehraann  says,  a 
retrogressive  metamorphic  process,  since  feldspar  is  by  it  not  formed, 
but  destroyed.  It  is  also  the  most  extreme  manifestation  of  dynamic 
action  in  orthoclase  rocks  and  may  produce  the  same  result — a  sericite 
schist — from  a  clastic  arkose  on  the  one  hand,  and  from  a  massive  gran- 
ite or  quartz-porphyry  on  the  other.^ 

In  an  admirable  paper  on  the  paragenesis  of  certain  ore  deposits,  A. 
von  Groddeck  has  shown  that  the  rocks,  heretofore  considered  as  tal- 
cose,  which  occur  near  Holzappel  and  Werlau  on  the  Rhine,  at  Mitter- 
berg  in  Salzburg  and  at  Agordo  in  the  Venetian  Alps,  are  in  reality 
sericite  schists.  These  he  considers  to  represent  the  extreme  phase  of 
metamorphism,  in  some  cases  of  an  eruptive  rock  (diabase),  and  in  other 
cases  of  a  normal  clay  state  or  gray  wacke.*  It  seems  most  probable 
that  these  rocks  owe  their  origin  to  dynamic  agencies,  with  which  the 
deposition  of  the  ore  also  stands  in  close  relationship. 

The  alteration  of  the  feldspathic  groundmass  of  quartz  porphyries 
to  muscovite  or  sericite,  especially  where  these  have  been  rendered 
schistose  by  pressure,  is  now  well  known.  In  this  way  porphyroids 
may  be  derived  from  massive  eruptive  rocks.  In  the  more  massive 
quartz  porphyries  studied  by  0.  Schmidt  from  the  central  Alps  ( Wind- 
gallen),  sericite  is  met  with  as  an  occasional  pseudomorph  after  the 
feldspar,  but  in  the  schistose  porphyries  derived  from  the  latter  by  pres- 
sure and  stretching,  this  mineral  is  much  more  abundant;  so  abundant, 
indeed,  as,  in  some  instances,  to  make  up,  along  with  quartz,  the  whole 
mass  of  the  rock.* 

»Zeit8chr.  Kryst,  toI.  4, 1880,  p.  — . 

'Untersachniigen  fiber  dio  EDtstehnng  der  altkrystollinisohen  Sohiefergeeteine.  Bonn,  1884.  Cap. 
IX.     Drackschieferang  and  Olimmerbildang,  p.  136. 

•Ibid.,  p.  101. 

*Zar  Kenntniss  einiger  Serioitgesteine,  welcho  neben  and  In  Erzlagentfttten  auftreten.  Keaea 
Jahrbnch  fiir  Mineral.,  Beilage-Band  2, 1883,  pp.  72-138. 

•Neuos  Jahrbucb  fiir  Mineral,  Beilage-Band  4, 1886,  p.  428.  /     r\r\n  I  /^ 
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Alterations  of  titanie  iron, — The  element  titanium  exists  in  unaltered 
diabases  almost  exclusively  in  combination  with  iron  as  ilmenite  or  as 
titaniferous  magnetite.  In  the  processes  of  metamorphism,  however, 
various  other  titanium  compounds  are  formed.  The  most  common  phase 
of  this  change  consists  in  the  development  of  a  gray  rim  around  the 
the  ilmenite  grains.  This  substance  is  also  often  seen  along  the  rhom- 
bohedral  cleavage  cracks  of  the  ilmenite,  giving  rise  to  the  well  known 
gridiron  structure  so  often  figured.^  There  can  be  no  doubt  that  this 
gray  material  isa>n  alteration  product  of  the  ilmenite,  although  GUmbel, 
who  gave  it  its  name,  leueoxene^  regarded  it  as  a  parallel  growth  of 
another  mineral.^  Much  difference  of  opinion  formerly  prevailed  in 
regard  to  the  chemical  nature  of  the  leucoxene.  Zirkel  at  first  regarded 
it  as  iron  carbonate,^  Oohen  as  titanic  oxide,^  Bosenbusch  as  anatase.^ 
Giimbel  regarded  it  as  probably  a  titanosilicate,  while  both  Pouqu6® 
and  Michel-L6vy^  thought  that  it  was  a  form  of  sphene.  The  identity 
of  both  leucoxene  and  titano-morphite  (another  similar  substance 
described  by  von  Lasaulx  around  the  rutile  of  an  amphibolite  from 
Lampersdorf  in  Silesia)^  with  titanite  or  sphene  was  first  conclusively 
proved  by  A.  Oathrein  in  1882.3 

The  frequent  passage  of  the  dull  gray  leucoxene  rim  into  clearly  de- 
fined aggregates  and  crystals  of  sphene  is  mentioned  by  Oathrein,^®  and 
the  origin  of  sphene  by  the  alteration  of  ilmenite  is  also  described  by 
W.  O.  Brogger.i^  Fine  examples  of  this  origin  for  sphene  are  also 
described  and  figured  in  the  sequel. 

Anatase  has  been  described  as  an  alteration  product  of  ilmenite,  by 
Diller.'^ 

The  mtile  needles  frequently  seen  about  ilmenite,  either  with  or 
Titbout  leucoxene,  are  regarded  by  Oathrein  as  an  original  intergrowth 
of  this  mineral  with  the  ilmenite."  Further  reference  will  be  made 
hereafUT  to  needles  of  this  character  occurring  in  some  of  the  Menom- 
inee greenstones. 

^Cf.  VaU6«  de  la  PooMin  et  Bonard:  Boohea  plutouiennes  de  la  Belgique,  etc.,  1874,  PL  VI,  Figs  31 
nd32. 
*Pal»olithiache  Eraptivgesteioe  dee  Flchtelgebrin^es,  Munich,  1974,  p.  35. 
'MlkrmkopiAche  Beschaffeuheit  d.  Min.  a.  Gest,  1873.  p.  409. 
*Er!iotenidoBeinerkuDgen  z.  d.  Boat«ukart«,  etc.,  1875,  p.  55. 
»MikroB.  Phyaiog.,  l»t  ed.,  vol.  2,  1877,  p.  336. 
•CouTa  de  ColUee  de  FraDce,  1877. 
'BuU.  Soc.  G6ol.  France,  3d  Rcrios,  vol.  6,  1878,  p.  103. 
■NeneA  Jahrbach  fur  Mineral,  1870,  p.  568. 
'Zeitaekr.  Krjat.  a.  Min.,  vol.  6, 1882,  p.  244. 
"Ibid. 

'*  Xjt  Mair.  for  ll^^aUirvidenskaberne,  vol.  27, 1884,  p.  350. 
"  VeoM  Jahrbach  fur  Mineral.,  1883,  voL  1,  p.  193. 
**  Zdtacbr.  Eryat  u.  Min.,  ^oL  6,  p.  256. 
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CHAPTER  II. 

GREENSTONE  BELTS  OP  THE  MENOMINEE  IRON   DISTRICT. 

INTRODUCTORY  AND  HISTORICAL. 

The  exact  geographical  position  of  the  two  greeustone-schist  areas 
of  the  Menominee  region  are  fully  indicated  in.  the  explanatory  and 
historical  note  by  Prof.  Irving  at  the  beginning  of  this  memoir 
and  upon  the  accompanying  geological  map  of  this  district.  (PL  II). 
The  same  note  explains  and  discusses  the  different  views  which  have 
been  held  by  various  geologists  in  regard  to  the  stratigraphical  position 
of  these  greenstone  schists  in  the  general  succession  of  the  stratiform 
locks  of  the  Menominee  region. 

A  brief  mention  of  the  opinions  which  have  already  been  published 
regarding  the  petrographical  character  of  these  greenstone  schists 
is,  however,  desirable. 

The  first  attempt  to  describe  the  Menominee  greenstones  and  green- 
stone schists  lithologically  was  made  by  Hermann  Credner  in  1869, 
from  observations  collected  while  he  was  acting  as  assistant  to  Prof. 
Pumpelly  on  a  survey  for  the  Portage  Lake  and  Lake  Superior  Ship 
Canal,  during  the  years  1867-'C8.^  In  his  first  paper  entitled  Die  vorsi- 
lurisohen  Oebilde  der  oheren  ffalbinsel  von  Michigan  in  Nord'Ameriha^ 
Gredner  gives  a  section  of  the  strata  of  the  Menominee  Iron  BegioD, 
commencing  with  the  oldest  member,  from  which  the  following  is  abbre- 
viated : 

Feet 

a.  Qaartzite 8,000 

&.  Crystalline  dolomitic  limeetone 3,500 

c.  Redlronore 600-1,000 

d.  Chlorite  schist 1,000-1,500 

e.  Clay  slate 8,500 

/.  Chlorite  schist  with  diorite 1,200-1,400 

f7,   ^,  {,  fc.  Talc  schist 150 

/.  Dioritic  series 2,300 

w.  Talcose  clay  slate 1,500 

The  members  /  and  I  are  evidently  parts  of  the  same  formation,  in 
which  the  beds  g^  hy  i,  and  h  are  interstratified.  In  his  description  of 
/,  Credner  says : 

In  the  upper  horizon  of  this  series  there  occur  beds  of  fine  and  coarse  grained 
diorite  and  aphanite,  varying  in  thickness  from  ton  feet  to  several  hundred.    Theee 

^  See  Geology  of  Miohigan,  voL  1, 1873,  p.  157,  note. 
'Zeitechr.  Deatsch.  geol,  Gesell.,  vol  n,  1860,  pp.  51S-5M. 
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rocks  consist  mainly  of  dark  green  hornblende  and  white  or  pale  ffreen  oligoclase, 
with  whioh  granular  or  scaly  chlorite  is  often  associated.    Crystals  of  pyrite  and  mag* 
netite  art)  also  frequent.    Indications  of  a  lamellar  parting  are  freqnent,  while  reot-   ' 
aognlar  jointing  is  rare.^ 

In  the  same  article,  in  speaking  of  the  member  l,  the  author  says :' 

Dioritic  series  2,300  feet  in  thickness.  Kainly  a  fine  grained  or  aphanitic,  rarely 
1  coarsely  crystalline  aggregate  of  the  constituents  of  diorite.  All  contain  crystals 
of  pyrite ;  the  aphanite  contains  veins  of  calcite  and  quartz.^ 

In  a  second  article  entitled  Ueber  nordameHJcanische  Schieferporphy- 
rotdCj  which  also  deals  with  certain  rocks  exposed  on  the  Menominee 
River,*  Credner  unites  his  beds  /and  I  as  '* chlorite  schist  alternating 
with  intercalated  diabase ; "  while  his  g^  hy  iy  and  h  are  described  as  a 
series  of  "  porphyroid-schists,  ^  300  feet  in  thickness,  between  two  beds 
of  diabase. 

In  the  year  1869  the  geological  survey  of  Michigan  was  inaugurated 
frith  the  iron-bearing  formations  of  the  Upper  Peninsula,  in  charge  of 
Maj.  T.  B.  Brooks.  The  results  of  his  labors  appeared  in  1873,'  accom- 
panied by  two  appendices,  containing  special  petrographical  descrip- 
tions of  the  rocks  collected  by  Julien,*  and  Wright.^  Several  of  the 
Henominee  greenstones,  both  massive  and  schistose,  come  within  these 
descriptions,  but  the  descriptions  are  for  the  most  part  vague;  as,  for 
instance  *'  diorite,''  "  dioritic  schist,"  *'  porphyritic  diorite,"  etc. 

In  1874  Major  Brooks  continued  his  studies  of  the  Menominee  region 
under  the  auspices  of  the  Wisconsin  Oeological  Survey.  The  results 
of  this  work  appeared  in  1879  ^  and  contained  much  more  elaborate 
and  accurate  determinations  of  the  greenstones  and  greenstone  schists. 
Major  Brooks  gives  a  diagram^  to  illustrate  his  general  views  of  the 
observed  transitions  of  greenstones  (believed  to  be  mostly  metamor- 
phosed sediments)  into  related  rocks.  Dr.  Wichmann,  who  furnished 
the  systematic  petrographical  descriptions  of  these  rocks  in  Brooks's 
report,^^  however,  regarded  these  rocks  as  for  the  most  part  eruptive 
and  to  a  large  extent  as  derived  from  diabase.  Special  reference  will 
be  made  to  the  descriptions  of  Wichmann  and  others  who  have  worked 

'ZeitMhr.  Deatech.  geoL  Gesell.,  toI.  21.  1869,  p.  528. 

'Im  oberen  Horizonte  dieser  Schiohtenreihe  treten  von  10  bin  mehrerehimdert  Fuss  mfiohtij^e  Binla- 
Keraogen  von  fein-  bis  grobkdrnigem  Dlorit  sowievoa  AphaDit  aaf.  Sie  bettehen  vorwaltend  a  as 
dankelgr&ner  Hornblende  nnd  weinsem  oder  hellgrUnem  OligoklM,  wozn  eicb  an  manchen  Punkton 
ntl  kdrnig-achnppiger  Chlorit  gesellt  BlnepreDgllnge  Ton  Schwefelki«a  und  Magneteisenstein  sind 
ia  Qiaeo  b&nflg.  Andentang  von  plattenfSrmiger  Absonderung  ist  gewbhnlich,  qaarderf5rmige  Ab- 
Hodening  aelten. 

•Ufld.,  p.  529. 

*  Dioritische  €k8teinsreibe  von  2,300'  M&obtigkeit.  Vorwaltend  ein  felnkdrnigea  oder  aphanitisobeA, 
Mitaner  ein  grobkrystaUinisches  Gemenge  der  Bestandtheile  den  Diorites,  alle  mit  Sohwefelkiee  ein 
eia  fprenglbigai,  die  Aphanite  mit  SchuiireD  von  Kalkspaih  nnd  Qnars. 

*Heae6  Jahrbnch  Tdr  Mineral.,  1870,  pp.  970-084. 

*  Oed.  Survey  Michigan,  vol.  1,  Upper  Peninsala.    Part  I.    Iron-bearing  rock,  by  T.  B.  Brooks.    1873. 
'n»id.,  vol.  2, 1873.    Appendix  A.  Lithological  desoriptione,  etc.,  of  250  specimens  of  the  Hnronian 

•ad  Lanrentian  of  the  Upper  Peninsula,  by  A.  A.  Jalien,  pp.  1-197. 

'Aid.,  Toi  2,  1873.  Appendix  C.  Microscopic  determinations  and  descriptions  of  78  specimens  of 
Honmian  rocks  and  ores,  by  C.  E.  Wright,  pp.  213-231. 

*G«oL  Wisconsin,  Vol.  3,  1873-1879.  The  Geology  of  the  Menominee  Iron  Begion,  Oconto  Connty, 
h  T.  B.  Brooks,  pp.  429-963.    Ibid..  Geol.  Menominee  Region  by  C.  B.  Wright,  pp.  665-741. 

»HmL.  519.  «•  Ibid. ,  pp.  600-656. 
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npon  the  petrography  of  the  MenomiDee  greenstones  in  the  coarse  of 
the  following  chapters  of  this  work. 

All  observers  seem  to  be  agreed  that  the  association  of  the  massive 
greenstones  with  those  which  are  more  or  less  perfectly  schistose  is  aa 
extremely  intimate  one.  Even  Major  Brooks,  in  spite  of  his  idea  that 
most  of  the  greenstones  are  altered  sediments,  is  constantly  suggesting 
the  possibility  of  a  mechanical  origin  for  the  intercalated  schistose  lay- 
ers.   He  says  *  of  the  Twin  Falls  exposure : 

ThU  Hlaty  material  may  be  simply  a  compacted  form  of  the  pulverized  greenstone 
produced  at  the  time  of  fissarlDg. 

Again,'  in  speaking  of  the  Commonwealth  and  Eagle  Mine  rocks: 

It  will  be  observed  that  these  rocks  have  some  resemblance  to  oa,  bat  it  is  be- 
lieved that  they  are  associated  schistose  and  altered  varieties  of  the  great  greenstone 
bed  XV III,  so  extensively  developed  to  the  north  and  east. 

He  says'  also: 

An  nnevenly  splitting,  gray-green  schist  associated  with  greenstones  and  appar- 
ently derived  from  them  by  alteration  of  the  amphibole,  is  inclnded  in  this  family 
[chlorite  schist],  although  its  origin  and  associations  are  widely  different  from  the 
above. 

Again :  * 

One  of  the  larj^est,  most  generally  distributed,  and  at  the  same  time,  obscnre  va- 
rieties embraces  those  chloritic  rocks  that  are  associated  with  greenstones. 

Dr.  0.  Eominger,  in  his  Report  on  the  Geology  of  the  Menominee 
Iron  Region,*  is  equally  impressed  with  the  close  association  of  the 
massive  and  schistose  varieties  of  the  greenstones.  Like  Brooks,  he 
regards  them  as  of  sedimentary  origin,  and  thinks  that  tbe  massive 
portions  are  the  result  of  extreme  metamorphism,  having  recrystallized 
from  a  partially  fused  state. 

There  seem  to  be  only  three  different  ways  of  explaining  the  facts  as 
they  are  plainly  and  abundan  tly  manifested  at  each  of  the  several  points 
examined  on  the  Menominee  River. 

We  may  suppose,  as  did  Foster  and  Whitney,  Whittlesey  and  Cred- 
ner,  that  the  schistose  portions  of  the  rocks  exposed  at  these  several 
points  are  more  or  less  perfectly  metamorphosed  sedimentary  material, 
while  the  more  massive  portions  represent  intercalated  beds  of  eruptive 
origin. 

We  may  imagine,  on  the  other  hand,  as  did  Rominger  and  Brooks, 
that  all  of  these  rocks,  including  the  most  schistose  and  the  most  mas- 
sive phases,  are  probably  altered  sedimentaries;  supposing,  with  Romin- 
ger, that  the  more  massive  kinds  are  merely  the  same  sedimentary  mate- 
rial fused  by  the  intensity  of  the  metamorphosing  action  so  as  to  lose  all 
trace  of  the  original  stratification ;  or  admitting,  with  Brooks,  the  possi- 
bility, thoagh  great  improbability,  that  some  of  the  more  massive 
phases  like  the  gabbro  of  Sturgeon  Palls,  are  of  eruptive  origin. 

*  Geol.  Wlsoonaln,  vol.  3, 1873-1879.  The  Geology  of  the  Menomiziee  Iron  Region,  Ooorets  County,  by 
T.  B.  Brooks,  p.  477. 

»rbid.,  p.  484.  »Ibid..  p.  516. 

Mbld.,  p.  518.  .Geol.  Michigan,  vol.  *.gl8|l.,PfM^pgIe 
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Finally,  we  may  imagine  that  all  phases  seen  at  these  several  places 
represent  material  of  eruptive  origin  whose  stratiform  stractare  is  dne 
to  secondary  dynamic'  agencies.  This  last  view  has  heretofore  been 
advanceil  only  by  Irving,  who,  however,  has  presented  it  very  briefly, 
and  without  descriptions  or  petrographic  proof.^ 

It  is  the  aim  of  the  present  portion  of  this  paper  to  set  forth  all  the 
evidence  that  a  careful  examination  of  these  rocks  can  furnish  as 
to  which  of  these  three  views  best  explains  their  true  origin  and  mu- 
taal  relations.  This  material  will  first  be  presented  in  the  form  of  a 
detailed  description  of  each  of  the  five  localities  selected  for  this  pur- 
pose on  the  Menominee  River  (see  PL  II).  The  general  results  thus  se- 
cured will  be  summarized,  in  connection  with  those  obtained  elsewhere, 
in  Chap.  VL  The  Menominee  localities  will  be  treated  of  in  regular 
order,  commencing  with  the  one  farthest  down  the  river,  Sturgeon  Falls. 

STURGEON    FALLS. 

Kinds  of  rock. — ^This  exposure  is  situated  a  short  distance  below  the 
month  of  the  Sturgeon  River,  in  Sec.  27,  T.  39  N.,  R.  29  W.,  Michigan.  Its 
general  topography  may  be  seen  from  the  accompanying  map  (PL  III), 
which  is  copied  from  PL  I,  in  Major  Brooks's  report  with  double  his  linear 
scale.  Only  the  rocks  exposed  on  the  eastern  or  Michigan  side  of  the 
river  were  examined ;  but  those  opposite  could  be  seen  to  1)0  of  the 
same  character. 

The  barrier  which  here  forms  the  falls  consists  of  two  belts  of  mas- 
sive rock, /and  h^  between  which  are  softer  schists,  g.  These  are  also 
intercepted  by  a  harder  and  more  massive  band. 

The  massive  rock  is  light  in  color  and  of  a  comparatively  coarse  grain. 
It  is  quite  elaborately  described  in  Major  Brooks's  report,*  and  desig- 
nated on  the  authority  of  Wapler,  Rutley,  and  Pumpelly  as  a  gabbro. 
Jnlien  also  examined  this  rock,  but  seems  to  have  mistaken  the  diallage 
for  hornblende,  and  the  brown  pleochroic  hornblende  for  biotite.  Rut- 
ley's  opinion  is  given  with  hesitation.  Pumpelly's  description  is  brief 
and  accurate.    He  says  :^ 

Sauasnrite-gabbro  (or  hornblende  gabbro):  contains  saassorite,  diallage,  horn- 
blende. Identical  under  the  microscope  with  the  coarser  crystalline  rock  of  Upper 
QninDesec  Falls. 

This  rock  was  considered  serpentine  by  Foster  and  Whitney*  and 
was  provisionally  named  *^porphyritic,  speckled  diorite"  by  Brooks, 
who  separated  it  as  his  Bed  XY  of  the  Huronlan. 

The  massive  occurrence  at/ is  represented  by  Nos.  11154, 11155,  and 
11162;  that  at  h  by  Nos.  11167, 11168, 11169,  and  11170.  Nos.  11156- 
11161,  and  11163-11166  were  collected  from  the  softer  schistose  bands 
at^. 

These  rocks  are  particularly  noteworthy  as  being  the  only  ones  dis- 
covered on  the  Menominee  River  which  contained  any  trace  of  pyroxene. 

'  Fifth  Anniud  Beport  U.  S.  Geol.  Survey,  p.  100.  'Geol.  Wisconsiu,  vol.  3,  pp.  455-M3. 
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We  Bball  find  that  they  agree  perfectly  with  Puinpelly's  description 
above  cited,  the  hornblende  being  in  part  secondary,  and  they  are  hence 
to  be  designated  as  saussurite  gabbro.  The  least  altered  specimens  were 
found  at  h  (Nos.  11167-11170).  The  rock  at/,  although  essentially  the 
satne  as  at  h,  is  more  changed  and  somewhat  schistose  along  certain 
bands,  while  some  of  the  specimens  found  at  g  were  clearly  once  the 
same  as  the  others,  but  now  represent  a  third  and  much  more  advanced 
stage  of  alteration.  I  shall  first  describe  these  three  stages  of  the 
undoubted  gabbro,  and  then  trace  their  relation  to  the  intermediate 
schists. 

Saussurite-gabbro  {first  stage), — The  color  of  this  rock  in  the  hand, 
specimen  is  rather  light.  On  a  fresh  fracture  it  shows  a  finely  mottled 
structure  of  white  and  dark  greenish-gray.  Examined  with  a  pocket- 
lens,  the  mottling  is  seen  to  be  due  to  two  minerals.  One  of  these  is 
opaque  white,  sometimes  tinged  with  green,  and  only  rarely  exhibits 
the  glistening  cleavage  surface  of  feldspar.  The  darker  mineral  has  a 
brownish  color  and  almost  a  metallic  luster  on  its  cleavage  surface.  It 
is,  however,  always  tinged  with  green  on  account  of  incipient  altera- 
tion. 

No  other  constituents  are  microscopically  visible.  The  structure  of 
the  rock  is  irregularly  granular.  The  grain  is  as  a  rule  moderately  fine 
but  is  subject  to  sudden  local  variation  which  develops  comparatively 
coarse- grained  patches  in  the  main  mass. 

Of  this  freshest  type  of  the  gabbro  four  thin  sections  were  studied^ 
viz,  11167, 11167%  11168  and  11170.  All  show  profound  alteration  in 
the  original  constituents,  due  to  dynamic  processes.  These  are,  how- 
ever, most  intense  in  No.  11167,  which  has  been  subjected  to  such  great 
pressure  as  to  present  a  transition  form  to  the  second  stage  of  this 
gabbro.  Nos.  11167*,  11168,  and  11170,  are  practically  identical  and 
may  be  described  together. 

Under  the  microscope  this  rock  is  seen  to  be  composed  of  plagioclase, 
almost  wholly  altered  to  a  ^ray  and  opaque  saussurite;  diallage,  of  a 
very  light  gray  color ;  hornblende,  partly  original,  partly  secondary,  and 
a  little  titanic  iron  (imenite).  Certain  alteration  products,  like  quartz, 
calcite,  and  a  colorless  chlorite,  are  also  present  in  varying  quantity. 

The  feldspar  has  no  crystal  form  of  its  own  (i.  e.,  it  is  allotriomor- 
phous,  in  the  sense  of  Kosenbusch).  It  seems  to  have  crystallized  sim- 
ultaneously with  the  diallage,  or  if  anything  later.  It  is  hardly  ever 
so  unaltered  as  to  present  its  original  twinning-lamellae,  but  when  this 
is  the  case  the  high  extinction  angles  and  brilliant  interference  colors 
observed  indicate  a  basic  feldspar.  No  further  determinations  could  be 
made  on  this  mineral  because  of  its  almost  complete  alteration  to  a 
dull  opaque  white  saussurite.  Even  in  the  thinnest  sections  this  sub- 
stance remains  opaque  for  the  lower  powers  of  the  microscope,  being 
composed  of  such  One  grains  that  it  must  be  highly  magnified  before  it 
can  be  resolved.    Under  higher  powers,  however,  it  is  seen  to  be  made 
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up  of  small  zoisite  grains,  embedded  ia  a  clearer  matrix,  which  is  prob- 
ably albite.* 

This  saussurite  substance  is  traversed  in  all  directions  by  lighter- 
sometimes  quite  clear  and  transparent— veins,  which  are  composed 
largely  of  secondary  albite.  This  in  at  least  one  instance  (No.  11168) 
Bhows  the  characteristic  twinning  striation  of  plagioclase  (see  Fig.  4). 
In  other  cases,  however,  these  veins  appear  to  be  composed  of  quartz 
or  chlorite  (see  PL  VIII,  fig.  1). 


Fio.  4.— Veins  filled  with  secondary  albite  in 
the  altered  gabbro  of  Stargeon  Falls  (No. 
111C8).  Represented  in  polarized  light  in  or- 
der to  show  the  twinning  etriee.  Magnified 
350  diameters. 


Fig.  5.— Zoisite  crystals  in  a  coarse  sans- 
surite  from  the  altered  gabbro  of  Stargeon 
Falls     Magnified  180  diameters. 


In  certain  cases,  notably  in  section  No.  11167,  the  saussurite  aggre- 
gate is  coarser  and  the  zoisite  plainly  visible  and  easily  determinable. 

Fig.  5  shows  characteristic  forms  of  this  mineral.  Its  crystals  are 
always  without  terminal  planes,  but  they  have  a  perfectly  developed 
cleavage  parallel  to  their  vertical  axis  and  a  cross-jointing.  Between 
crossed  uicols  they  are  seen  to  be  twinned,  sometimes  polysynthetically, 
like  albite.  The  zoisite  is  itself  colorless,  with  a  high  index  of  refrac- 
tion, but  a  weak  double  refraction ;  the  interference  colors  are  therefore 
dull,  either  gray  or  bluish,  and  sometimes  a  deep  ultramarine.  The  ex- 
tinction is  parallel  to  the  cleavage  lines. 

One  unusually  large  crystal  of  zoisite,  represented  in  Fig.  6,  exhibits 
all  of  these  characteristics,  and  also,  When  examined  in  converged  polar- 
ized light,  it  gives  a  biaxial  interference  figure  with  the  plane  of  the  optic 
axes  perpendicular  to  the  cleavage.    (Fig.  6.) 

>  Zeitschr.  Kryst.  a.  Min.,  vol.  7,  pp.  234-249.  Catbrein,  in  this  article,  calcnlates  a  namber  of 
■aosanrite  analyses  to  show  the  relative  amounts  of  feldspar  and  zoisite  or  epidote  proaout  He  seems 
to  think  that  the  feldspar  left  after  Bubtractlng  the  zoisite  gives  the  original  constitution  of  the  min- 
eral before  its  change  to  saassnrite,  and  attribates  the  alteration  to  the  addition  of  CaO  and  AI^Os  and 
loM  of  silica  and  alkalies  (p.  243).  Another  bypothesis  would  be  that  the  original  fehlnpar  was  much 
more  basic  (L  e.,  contained  more  CaO,  Al^Os  And  le^  SiO^  and  Na,0)  than  the  one  now  forming  the 
malriz  of  the  sanasurite,  and  that  this  compound  broke  up  without  material  chemical  change  into  two 
oomponBda,  one  a  more  acid  plagioclase,  like  albite  or  oligoclase  and  the  other  zoisito,  which  would 
eontain  what  CaO  and  superfluous  Al^Os  was  left  after  the  change.  A  similar  separation  of  one  min- 
eral into  two  has  been  traced  by  Profs.  J.  Bnish  and  E.  S.  Dana  in  the  alteration  of  spodumene  into 
»  mimite  aggregate  of  encryptite  and  albite.  (Am.  Jour.  Sci.,  3d  series,  vol.  20,  p.  257  et  seq.,  1^.) 
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The  diallage  of  these  rocks  is  qaite  colorless  when  seen  in  a  thin  sec- 
tion^ although  in  the  form  of  powder  it  is  a  light  grayish  green.  The 
prismatic  cleavage  is  well  develoi>ed,  but  not  as  much  so  as  the  very 
perfect  parting  parallel  to  the  orthopinacoid,  which  is  the  characteris- 
tic feature  of  disUlage  (PL  YIII,  fig.  1).  The  extinction  angle  was  found 
to  be  as  great  as  35®  in  the  prismatic  zone.  The  plane  of  the  optic 
axes  is  perpendicular  to  the  orthopinacoidal  parting,  and  a  single  axis 
ap|>ears  in  such  sections  as  show  a  prismatic  angle  of  nearly  9(P.  This 
diallage  is  very  sensitivQ  to  the  action  of  pressure  and  is  frequently 
much  bent  and  twisted..  The  mineral  is  sometimes  separated  sdong 
cleavage  cracks,  the  interstices  being  filled  with  a  colorless,  isotropic 
alteration  product,  which  is  probably  some  variety  of  chlorite.  This 
•substance  becomes  much  more  abundant  in  the  more  altered  forms  of 
this  irock  and  will  be  again  mentioned.  The  diallage  is  also  often  trav- 
ersed by  veins  filled  with  clear  quartz. 


Fig.  6.— Lar^e  crystal  of  soisite  in  sanssnrite 
of  Ko.  11167.  Altered  gabbro  from  Stcrgeon 
Falls.    Magnified  350  diameters. 


Fio.  7.— Border  of  both  compact  and  flbroas 
hornblende  around  diallage  in  the  Sturgeon 
FaUs  gabbro  (No.  1167*).  Magnified  180  diame- 
ters. 


The  hornblende  is  an  important  and  constant  constituent  of  the 
Sturgeon  Falls  gabbro.  It  is  for  the  most  part  compact,  and  brown  in 
color,  having  the  usual  pleochroism.  More  rarely  it  is  green,  or  ap- 
parently bleached  to  a  lighter  shade  of  brown.  In  a  few  instances 
this  latter  process  has  been  carried  so  far  as  to  make  it  quite  colorless. 
The  hornblende  is  in  all  cases  most  intimately  associated  with  the  dial- 
lage. At  times  it  forms  a  continuous  border  of  varying  width  around 
tlie  diallage  crystal,  and  in  other  instances  it  penetrates  the  latter 
mineral  in  irregular  areas  ( see  PI.  VIII.  fig.  1).  In  some  cases  a  deli- 
cate fringe  of  minute,  colorless  hornblende  fibers  is  seen  to  lie  on  the 
outer  side  of  the  compact  hornblende  border  and  penetrate  the  sans- 
surite  substance  (see  Fig.  7).  This  is  the  same  phenomenon  that  has 
recently  been  described  by  Lessen.' 

^Stadien  an  metamorpbischen  £ruptiv-und  Sedimentgesteine,  etc.,  cf.  Jahrbuoh  prenas.  geol.  Land- 
esanstalt  Tdr,  1884,  p.  543,  PI.  xxix,  fig.  2.  (Cf.  Van  Hise:  Am.  Jour.  Sci.,  3d  series,  vol.  83,  1887,  pp 
885e(seq. 
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It  is  impossible  to  say  with  certainty  what  the  origiu  of  the  com- 
pact browu  hornblende  is.  It  may  be  an  original  product  of  crystal- 
lization in  the  magma^  but  its  mode  of  occurrence  and  its  general 
character  indicate  that  it  is  probably  of  secondary  origin,  having 
originated  by  paramorphism  of  the  diallage,  as  has  been  shown  by  my- 
self^ and  by  Lessen^  to  be  sometimes  the  case. 

^o  other  constituents  are  important  in  this  rock.  Iron  in  any  form 
seems  to  be  quite  rare  iu  it.  Occasional  cloudy  grains,  resembling 
leucoxene,  may  represent  some  original  ilmenite,  while  minute  crystals 
of  pyrite  are  still  rarer. 

The  structure  of  the  rock  seems  to  be  irregularly  granular;  none  of 
the  components  being  in  any  degree  idiomorphic.  Frequent  and 
abrupt  changes  in  the  coarseness  of  the  grain  are  observable. 

All  specimens  show  the  action  of  dynamic  forces  which  have  more  or 
less  profoundly  affected  the  different  constituents.  These  effects  are 
particularly  noticeable  in  slide  No.  11167.  Here  the  rock  seems  in 
places  to  have  been  crushed  and  a  mosaic  of  the  component  minerals 
to  have  been  formed.  Hornblende,  generally  colorless,  is  unusually 
abundant.  Colorless  chlorite  and  zoisite  are  also  developed,  and  all  are 
mixed  indiscriminately.  In  one  part  of  the  section  a  vein  is  sren  to 
traverse  the  rock.  This  is  filled  with  limpid  quartz  in  long,  wedge- 
shaped  areas,  which  extend  from  one  side  of  the  small  fissure  to  the 
other.  This  quartz  is  traversed  by 
long,  colorless  fibers  of  the  greatest 
delicacy,  and  it  also  contains  a  good 
deal  of  the  colorless  chlorite,  both  in 
solid  masses  and  in  those  peculiar 
vermicular  groups  to  which  Volger 
has  given  the  name  helminth.  These 
curious  groups,  which  resemble  piles 
of  little  coins,  are  sometimes  straight, 
sometimes  curved.  They  are  so  mi. 
Dute  as  to  be  visible  only  with  a  high 
magnifying  power.  Fig.  8  represents 
them  as  they  appear  when  magnified 
350  diameters.  Exactly  the  same  min-      ^'!  8.-vennicniar  chlorite  (helminth)  in 

.•^   ,  V.     •***       quart*.     Vein  in    altered  gabbro,  Sturgeon 

eral  has  been  described  in  the  sec-    Faiu. 

ondary  quartz  of  diabase  by  Mohl,^  von  Lasaulx,*  and  Schenck  ;*  and 

in  that  of  schalstein  and  syenite  by  Hussak.^ 

SauMurite  gabbro  {second  ^fa^^^).— Representatives  of  this  type  are 
found  at  the  lower  end  of  the  falls,  at  /  on  Major  Brooks's  map,  and 

» Am.  Jour.  ScL  3d  aeries,  vol.  28,  Oct.,  1884,  p.  262. 

•ct  Jahrlmch  preoaa.  geol.  Landeaanstalt  ffir  1883,  p.  632. 

*Netiea  Jahrbach  fur  Mineral.,  1875,  p.  716. 

*Verb.  d.  natnrh.  Vereinad.  prenaa  Bheinl.  n.  Weatf.,  1878,  p.  216. 

'  Inau^mral-Biaaei  tation.    Bonn,  1884,  p.  22. 

<Taohermak'a  mineral,  u.  petrog.  Mlttheil.,  vol.  1,  1878,  p.  275. 
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at  his  «,  at  the  lower  end  of  the  basin  below  the  falls.  Kos.  11153  and 
11154,  from  these  two  looalicies,  are  identical  in  mineral  composition 
with  the  rocks  of  the  first  type  above  described.  They  are  of  a  dirty 
greenish  gray  color  and  indications  of  a  schistose  structure  have  already 
begun  to  appear  in  them.  Under  the  microscope  they  disclose  the 
same  constituent  minerals  as  the  rocks  of  the  first  type;  nor  are  these 
minerals  much  more  altered,  but  they  show  the  effects  of  a  profound 
mechanical  action.  The  feldspar  is  remarkably  fresh  and  its  twinning 
lamellae  are  quite  distinct,  but  it  is  everywhere  crashed,  broken,  and 
faulted.  The  crystals  are  often  plainly  seen  to  be  separated  into  a 
number  of  fragments  which  are  removed  a  considerable  distance  from 
one  another.  Frequently  a  fine  grained  mosaic  has  been  formed  by 
the  crushing  of  the  larger  feldspar  crystals.  In  other  cases  (especially 
in  section  11154)  the  feldspar  is  not  so  much  broken,  but  it  is  altered 
around  its  edge  to  an  opaque,  gray  saussuritic  mass,  while  its  interior  is 
hardly  changed.  (See  PI.  VIII,  fig.  2).  The  diallage  is  more  altered 
than  in  the  rocks  last  described,  although  it  can  still  be  seen  to  belong 
to  the  same  species.  The  crystals  are  very  much  bent  and  twisted  and 
frequently  so  changed  to  the  light-colored  chlorite  that  only  a  few 
minute  remnants  of  the  brightly  polarizing  mineral  remain  in  this 
nearly  isotropic  base.  (See  PI.  VIII,  fig.  2.)  Fibrous  hornblende  now 
becomes  more  abundant  than  the  compact,  and  leucoxene  patches  are 
seen  at  intervals. 

Kos.  11162,  from  the  upper  part  of  the  point  /,  and  11172  from  above 
the  falls  at  n,  present  interesting  varieties  of  this  rock.  They  do  not 
show  the  effects  of  crushing  to  such  a  degree  as  do  those  just  described. 
Indeed  the  original  structure  of  the  rock  seems  well  preserved,  although 
the  feldspar  is  almost  completely  changed  to  a  fine  grained,  nearly 
opaque  saussurite,  and  every  trace  of  the  pyroxene  (diallage)  has  dis- 
appeared. A  pale  green,  fibrous  hornblende  occupies  the  place  of  this 
mineral,  and  there  seems  to  be  every  reason  for  regarding  it  as  derived 
from  the  diallage;  although  in  No.  11172  the  abundant  remains  of  a 
compact,  brown  hornblende,  evidently  in  the  process  of  changing  to 
the  fibrous  modification,  suggests  the  possibility  of  this  mineral  having 
been  the  original  bisilicate  constituent.  Still  there  is  no  warrant  for 
assuming  that  what  is  essentially  a  diallage  rockmass  was  locally  de- 
veloped as  a  hornblendic  rock ;  and  it  may  be  that  this  is  an  instance 
of  a  remarkable  passage  of  a  pyroxene  through  a  compact  into  aftbroiLs 
hornblende^  for  which  we  shall  find  much  evidence  in  the  studies  that 
follow. 

Saussurite  gabhro  {third  stage), — As  has  been  already  remarked  and  as 
may  be  seen  on  the  map  of  Sturgeon  Falls  (PI.  Ill),  there  is,  between 
the  two  points  of  the  more  massive  rock,  h  and/,  an  area  ^,  composed 
erf  softer  schists.  These  are  easily  eroded  and  have  thus  occasioned  the 
small  bay.    The  passage  from  the  fresh  and  massive  gabbro  at  h  into 
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these  soliists  seems  to  be  a  gradual  one.  Along  the  lower  side  of  ?i 
there  are  rocks  which  are  without  doubt  essentially  the  same  as  those 
above  described  from  this  point  but  which  have  been  profoundly  altered 
by  dynamic  action,  which  has  also  occasioned  considerable  cbemical 
changes.  These  rocks,  while  they  show  remains  ot  their  original  min- 
erals, have  become  decidedly  schistose ;  and  by  the  alteration  in  their 
composition,  they  have  developed  certain  other  points  of  similarity 
with  the  schists  at  g,  into  which  they  appear  gradually  to  pass.  For 
this  reason  they  have  been  selected  to  represent  the  third  and  most 
altered  stage  of  the  gabbro  in  which  any  sure  signs  of  the  original 
character  of  the  rock  still  remain ;  at  the  same  time  they  possess  even 
more  ot  the  characters  belonging  to  the  schists,  and  thus  afford  just 
the  evidence  desired  that  the  latter  are  the  extremely  modified  form  of 
the  massive  rock. 

No.  11166  is  only  indistinctly  schistose,  showing  a  soft  grayish  green 
matrix  in  which  are  imbedded  altered  grains  of  a  reddish  feldspar. 
Under  the  microscope  the  original  coarsely  granular  structure  of  the 
rock  may  still  be  made  out.  Large  but  much  broken  areas  of  feldspar 
may  be  clearly  seen  where  but  very  little  of  the  unaltered  substance 
remains.  For  the  most  part  this  has  been  changed  to  an  aggregate  of 
calcite  and  minute,  brightly  polarizing  needles  or  plates  of  a  colorless 
micaceous  mineral  (probably  sericite)  along  with  occasional  areas  of 
secondary  quartz.  What  was  once  the  pyroxene  or  hornblende  is  now 
a  colorless  or  extremely  pale  green,  scaly  mineral  which  an  examination 
shows  to  be  chlorite.  Between  crossed  nicols  it  is  isotropic  or  very 
feebly  polarizing.  It  was  separated  by  the  Thoulet  solution  from  the 
slightly  heavier  feldspar  and  as  a  powder  appears  pale  green.  In  a 
dosed  tube  it  gives  off  water  abundantly  and  becomes  dark.  With  hot 
SQlphuric  acid  it  decomposes  and  gelatinizes  immediately;  with  hydro- 
chloric acid  it  decomposes  slowly,  giving  a  somewhat  yellowish  solution, 
from  which  ammonium-hydroxide  precipitates  alumina  abundantly. 
There  can  therefore  be  no  doubt  that  this  mineral  is  a  chlorite  very  poor 
in  iron,  like  the  nearly  colorless  pyroxene  from  which  it  is  derived. 
Areas  of  leucoxene  are  also  common  through  this  rock. 

No.  11165,  taken  from  a  place  only  a  foot  or  two  below  the  last  and 
nndoubtedly  continuous  with  it,  is  decidedly  more  schistose.  Under 
the  microscope  the  minerals  are  essentially  the  same  as  in  the  last 
specimen,  but -the  mechanical  effects  here  exhibited  are  much  more 
intense.  The  feldspar  and  the  diallage  are  still  recognizable,  but  the 
colcMrless  chlorite  is  much  more  abundant  than  in  any  specimen  before 
described.  The  feldspar  areas  have  a  brownish  color,  even  in  the  thin 
section  and  they  are  pulled  and  torn  asunder  in  a  remarkable  man- 
ner. Individuals  are  often  pulled  out  into  more  than  twice  their  orig- 
inal length,  the  separation  taking  place  along  a  series  of  interlacing 
ct^ekB  which  run  approximately  perpendicular  to  the  schistose  structure 
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of  the  rock.  The  spaces  between  the  separated  fragments  are  filled 
with  the  chloritic  mineral.  This  rock  shows  every  indication  of  having 
been  enormously  stretched  and  this  process,  along  with  attendant 
chemical  changes,  has  induced  its  schistose  stmcture.  Although  it 
shows  under  the  microscope  traces  of  the  original  gabbro  structure  and 
of  the  original  gabbro  minerals,  no  one  would  hesitate  from  a  micro- 
scopical examination  to  class  it  with  the  schists. 

The  schists  above  mentioned  as  occurring  between  the  two  masses 
of  typical  gabbro,  h  and/,  at  the  Sturgeon  Falls,  possess  an  important 
relationship  to  these  rocks.  Taken  by  themselves,  they  offer  as  rep- 
resentative examples  of  fissile,  silky,  hydro-mica  or  sericite  schists  as 
could  anywhere  be  found,  and  yet  this  narrow  band  presents  such  a 
complete  series  of  transition  forms  that  their  origin  as  derivatives  of 
the  massive  rock  cannot  be  doubted.  In  fact,  two  such  series  were 
traced  out  in  detail.  One  of  these  was  collected  on  the  lower  side  of 
h  and  represents  the  passage  of  the  least  altered  and  most  massive 
gabbro  into  the  typical  schist,  and  the  other  was  obtained  near  the 
center  of  the  schist  band  where  a  narrow  strip  of  the  rock  has  hap- 
pily been  preserved  from  the  extremest  alteration  and  plainly 
shows  its  identity  with  the  gabbro  proper.  This  narrow  layer,  rep- 
resented on  the  map  at  ^,  is  of  great  value  in  conclusively  proving  the 
origin  of  the  schists  in  the  midst  of  which  it  lies  and  into  which  it 
passes  on  both  sides. 

No.  llldO,  from  this  locality  (^),  was  classified  in  the  field-notes  with 
the  schists,  and  regarded  as  only  a  harder  and  more  slaty  form  of  these. 
Indeed,  this  rock  is  very  schistose,  cleaving  readily  in  a  direction  par- 
allel to  the  foliation  of  the  more  fissile  schists.  Under  the  microscope, 
however,  an  original  gabbro  structure  is  still  distinctly  seen.  Triclinic 
feldspar,  in  broken  and  bene  crystals,  is  plainly  visible,  while  the  other 
constituents  have  passed  into  colorless  chlorite,  quartz  and  calcite. 
The  feldspar  itself  is  mostly  altered  into  the  same  compounds,  though 
its  form  and  occasionally  its  twinning  strise  are  still  preserved. 

No.  11161  is  a  hard,  greenish  slate,  occurring  beside  the  last  described 
rock.  Under  the  microscope,  in  ordinary  light,  crystal  forms  are  seen 
outlined  in  a  dark  color,  the  matrix  being  colorless.  In  polarized  light, 
however,  these  are  no  longer  visible,  and  there  is  only  a  fine  grained 
and  schistose  aggregate  of  colorless  chlorite,  quartz  and  calcite. 

Nos.  11159  and  11158,  C/oUected  just  below  the  last,  are  typical  schists 
of  a  light  gray  color  and  somewhat  greasy  feel.  They  contain  just  the 
same  minerals  as  the  rocks  last  described,  but  here  every  trace  of  orig- 
inal structure  has  disappeared.  There  is  no  indication  of  the  form  of 
any  earlier  constituents,  but  those  now  present  are  arranged  in  a  finely 
parallel  mosaic  of  somewhat  varying  grain.  Calcite  is  much  more 
abundant  than  in  the  previous  instances.  Indeed,  in  No.  11158  this 
mineral  makes  up  a  large  share  of  the  rock. 

The  other  series  of  transition  forms  between  the  gabbro  and  the 
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Waists  occurs  on  the  lower  side  of  the  gabbro  mass  h.  This  series  em- 
braces the  specimens  of  the  first,  second,  and  third  stages  of  the  gabbro 
abeady  described  from  this  exposure,  and  terminates  with  two  speci- 
mens of  schist,  'Sos.  11163  and  11164.  Any  sharp  line  of  demarkation 
between  the  typical  and  massive  saassarite-gabbro  at  h^  and  the  fissile, 
silvery  schists,  apparently  so  dififerent,  lying  below  it,  was  soaght  long 
and  carefally,  bat  in  vain.  In  fact  no  sach  line  exists,  and  if  one  were 
to  be  drawn  it  must  be  drawn  arbitrarily.  The  rocks  already  described 
from  this  locality  as  specimens  of  the  gabbro  in  the  third  stage  show 
this.  No.  11165  is  entered  in  the  field-notes  as  belonging  to  the 
BcbiBts,  bnt  microscopical  examination  shows  it  to  be  even  more  closely 
allied  than  the  almost  massive  ^o.  11166,  to  the  gabbro.  Traces  of  the 
(Miginal  components  and  structure  are  by  no  means  rarest  in  those 
rocks  whicb  appear  macroscopically  to  have  suffered  the  most  profound 
alteration. 

Nos.  11164  and  11163  are  light  gray,  silvery  schists,  with  a  somewhat 
greasy  feel;  such  in  fact  as  might  ordinarily  be  classed  as  sericite  or 
hydro-mica  schists.  Their  lamination,  however,  is  not  in  the  least  regu- 
lar, but  undulatory,  and  there  is  a  tendency  to  cleavage  not  so  much 
along  a  single  plane  as  in  almost  any  plane  parallel  to  a  line.  In  other 
words,  these  rocks  have  a  well  marked  dip,  but  hardly  any  determina- 
ble  strike.  In  11164  especially,  there  is  noticeable  a  jointing  trans- 
verse to  the  strike,  and  these  joint  planes  often  gap  open  into  wide,  len- 
ticular seams,  as  though  the  rock  had  been  stretched  in  the  direction 
of  its  strike. 

Under  the  microscope  these  rocks  are  seen  to  be  mostly  composed  of 
the  nearly  colorless  chlorite,  calcite,  and  a  little  secondary  quartz. 
These  minerals  are  interlaced  in  narrow,  wavy  bands,  producing  what 
may  be  called  after  the  German  idiom,  a  long  "  micro-flaser''  structure. 
Bat  even  here  every  trace  of  the  original  constituents  has  not  yet  dis- 
appeared. Occasional  battered  and  broken  feldspar  remnants  are  en- 
eoantered,  with  their  fragments  widely  separated,  and  for  the  most  part 
ehanged  to  sericite  or  calcite.  Around  these  curve  and  twist  the  silky 
chtorite  bands  developing  a  sort  of  "  Augen"  structure,  which  may  be 
beet  seen  by  examining  a  section  with  an  ordinary  pocket  lens.  The 
areas  of  leucoxene  also,  before  observed,  are  not  lacking  here,  but 
these  are  pulled  out  in  the  direction  of  the  schistose  structure,  un- 
til a  single  one  may  be  followed  nearly  across  an  entire  section.  The 
bibilieates  have  evidently  all  passed  into  the  colorless  chlorite,  and  this 
mineral  on  account  of  its  pliability  has  easily  accommodated  itself  to 
the  cirenmstances,  and  has  developed  the  pronounced  schistose  struct- 
are  which  is  now  the  most  important  feature  of  the  rock. 

These  rocks  are  schists,  indeed,  of  the  most  characteristic  type,  but 
in  the  light  of  their  field  relations  and  still  more  from  the  evidence 
which  a  microscopical  study  of  the  whole  series  has  afforded,  it  is  evi- 
dent that  they  represent  the  most  altered  form  of  the  massive  gabbro, 
between  two  areas  of  which  they  are  included.  ^^g.  .^^^  ^^ CjOOQ le 
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Chemical  aftalyaes.-^ln  order  to  ascertaiQ  what  changes  have  taken 
place  in  the  chemical  composition  of  the  Sturgeon  Falls  gabbro  daring 
the  process  of  its  alteration  into  the  schists,  the  following  analyses  of 
specimens  iUastrating  three  successive  stages  of  the  alteration  were 
made  by  Mr.  B.  B.  Biggs : 


Rook  powder  dried  at  105^  C. 
I.  No.  11170,  freshest  gabbro  from  the  point  h. 
II.  No.  11166^  gabbro  in  third  stage  from  the  south  side  of  h. 
III.  No.  11164,  silvery  schist  from  between  g  and  h,  ^ 

At  first  glance  these  analyses  seem  to  present  a  cnrious  anomaly. 
The  intermediate  rock,  No.  11166,  appears  to  dififer  more  from  the  orig- 
inal type  than  the  most  altered  specimen,  No.  11164.  A  closer  exam- 
ination, however,  shows  that  the  nature  of  the  chemical  processes  which 
have  gone  on  in  the  two  cases  is  essentially  different.  In  the  first  case, 
Ko.  11166,  this  has  been  chiefly  cliloritization,  while  in  the  second  case, 
No.  11164,  the  chloritization  has  been  less,  but  sericitization  and  car- 
bonatization  have  also  been  extensive. 

The  abundance  of  the  colorless  chlorite,  above  described  as  present 
in  No.  11166,  here  manifests  itself  in  the  very  low  percentage  of  silica 
and  in  the  correspondingly  high  percentage  of  alumina,  together  with 
the  increase  of  both  magnesia  and  water.  The  iron  is  unusually  low 
in  this  chlorite  because  it  did  not  exist  in  the  mother  rock ;  still  there 
has  been  a  gain  rather  than  a  loss  of  this  ingredient  The  lime  has 
here  been  to  a  great  extent  removed,  presumably  in  the  form  of  the 
soluble  bicarbonate,  while  the  slight  sericitization,  above  mentioned  in 
the  description  of  this  rock,  is  indicated  by  the  increase  of  the  potash. 

In  the  analysis  of  No.  11164,  the  less  extent  of  the  chloritization  is 
shown  by  the  less,  although  proportionate,  increase  of  alumina  and 
water  and  decrease  of  silica,  while  the  iron  and  magnesia  remain  about 
the  same  as  in  the  mother  rock.  Here  the  lime  has  been  partly  re- 
moved as  before  and  partly  retained  as  calcite,  visible  everywhere 
through  the  rock  and  indicated  in  the  analysis  by  tbe  5.95  per  cent  of 
OO2.  The  sericitization,  so  apparent  under  the  microscope,  is  here 
shown  by  the  great  increase  in  potash  and  the  exchange  of  the  soda 
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LOWER  OR  LITTLE  QUINNESEC  FALLS. 

The  rock  exposure  of  Lower  Quionesec  Falls  is  Dot  confined  to  the 
immediate  vicinity  of  the  falls  bat  it  extends,  especially  on  the  left 
bank  of  the  river,  for  a  considerable  distance  below.  This  portion 
forms  a  high,  abrupt  and  homogeneous  ridge,  of  uniform  composition 
and  structure,  the  description  of  which  may  be  advantageously  sepa- 
rated from  that  of  the  rocks  occurring  immediately  at  the  falls. 

We  shall,  therefore,  consider  under  two  successive  heads : 

(1>  The  greenstones  of  the  socalled  "  Oabbro  Ridge^  of  Major  Brooks. 

(2)  The  greenstones  of  the  Lower  Quinnesec  Falls. 

Greenstones  of  the  so  called  ^^ Oabbro  Ridge^  of  Major  Brooks. — For  a 
mile  below  liower  Qaiunesec  Falls,  the  north  bank  of  the  river  is  skirted 
by  an  almost  perpendicular  wall  of  massive  greenstone.  This  wall  is 
sometimes  over  a  hundred  feet  in  height,  and  has  every  appearance  of 
being  a  great  dike.  Although  for  the  most  part  it  is  quite  massive,  it 
presents  frequent  and  very  instructive  evidence  of  the  effect  of  great 
pressure  upon  it.  It  is  seamed  and  gashed,  broken  and  torn,  and  con- 
tains  schistose  bands  of  varying  width.  Since  the  continuity  of  these 
bands  with  the  massive  rock  is  established,  their  study  is  calculated 
to  throw  light  on  the  subject  of  dynamical  metamorphism. 

Major  Brooks  designated  the  rock  which  composes  this  ridge  as  a 
^'massire  gabbro,^  and  correllated  it  with  the  above-described  saussu- 
rite-gabbro  of  Sturgeon  Falls.  My  studies  have,  however,  failed  to 
disclose  in  this  rock  any  trace  of  pyroxene.  In  addition  to  its  feld- 
si^thic  constituent,  which  is  generally  altered  to  saussurite,  it  contains 
ID  abundance  that  peculiar  pale  green  and  more  or  less  fibrous  variety 
of  hornblende  which  is  quite  universally  conceded  to  be  of  secondary  ori- 
gin. What  the  primary  form  of  all  this  green  hornblende  was,  it  is  now 
impossible  to  ascertain  with  certainty.  It  is  of  a  kind  well  known  to 
originate  from  the  alteration  of  pyroxene.  The  rock  as  a  whole  also 
bears  decidedly  the  character  of  a  diabase  or  pyroxene  rock;  and  yet, 
not  a  trace  of  pyroxene  has  been  discovered  in  any  of  the  Menominee 
Biver  greenstones,  if  we  except  the  light  colored  diallage  of  the  Stur- 
geon Falls  gabbro.  Whenever  the  pale  green  hornblende  can  be  traced 
back  to  an  original  form,  it  is  seen  to  be  derived  from  a  compact 
brown  or  basaltic  hornblende.  This  fact  was  substantiated  not  merely 
for  the  rock  composing  the  ridge  here  under  discussion,  but  it  is  also 
troe  for  the  several  other  localities  examined  on  the  river. 

This  brown  hornblende  is  seen  first  to  turn  green  by  a  reduction  of 
its  iron  to  the  ferrous  state,  or  to  become  bleached  by  loss  of  its  iron, 
and  finally  to  break  up  into  an  aggregate  of  fine  hornblende  needles 
exactly  similar  to  that  commonly  formed  by  the  alteration  of  pyroxene 
tonralire. 

It  is,  of  course,  impossible  to  prove  that  some  of  the  secondary  fibrous 
hornblende  has  not  been  derived  from  pyroxene.  Indeed,  it  seems  very 
probable  that  both  augite  and  compact,  brown  hornblende  may  have 
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existed  side  by  side  as  original  constitnents  of  the  rock,  and  that  both 
finally  saccumbed  to  the  same  process  of  alteration,  although  the  horn- 
blende resisted  this  much  longer  than  the  angite.  Such,  in  point  of 
fact,  has  elsewhere  been  observed  to  be  the  case  where  both  minerals 
have  undergone  uralitization  in  the  same  rock  ;^  and  this  would  account 
for  the  frequent  survival  of  brown  hornblende  cores  where  every  trace 
of  pyroxene  had  disappeared. 

If  this  is  not  the  true  explanation  of  the  genesis  of  these  rocks,  there 
are  but  two  other  hypotheses  possible— either  that  the  original  rock 
contained  no  pyroxene,  but  was  a  diorite,  composed  of  plagioclase  and 
brown  hornblende ;  or,  that  the  pyroxene  has  passed  into  uralite  through 
an  intermediate  compact,  brown  hornblende.  Opposed  to  the  first  of 
these  suppositions  is  the  structure  of  the  rock,  which  is  diabasic  rather 
than  dioritic.  On  the  other  hand,  considerable  evidence  afforded  by 
various  of  the  Menominee  rocks,  as  well  as  observations  made  elsewhere 
by  the  writer^  and  by  Lessen,^  indicate  that  the  latter  hypothesis  may 
possibly  be  true.  Inasmuch,  however,  as  the  rocks  here  under  discuss- 
ion afford  no  trace  of  pyroxene,  it  hardly  seems  justifiable  to  call  them 
anything  but  diorite.  We  shall  encounter  still  more  distinct  examples 
of  this  type  farther  up  the  river. 

All  the  specimens  collected  from  this  greenstone  ridge  show  an 
advanced  stage  of  alteration.  Some  obtained  from  the  western  ex- 
tremity of  the  ridge,  near  the  Michigan  bank  of  Lower  Quinneseo 
Falls,  have  a  coarsely  porphyritic  structure,  and  are  among  the  freshest 
specimens  that  were  procured.  This  variety  of  the  rock  is  represented 
by  Nos.  11034, 11035,  and  11098.  Of  these  the  last  is  perhaps  the  most 
typical.  To  the  unaided  eye  it  shows  a  light  greenish  gray  matrix, 
thickly  studded  with  irregularly  shaped  crystals  of  opaque  white  feld- 
spar (saussurite)  from  one-hali  centimeter  to  two  centimeters  in  diame- 
ter. A  closer  examination  reveals  many  brightly  reflecting  cleavage 
surfaces  of  another  and  darker  mineral.  These  are  of  about  the  same 
size  as  the  feldspar  crystals,  but  their  continuity  is  interrupted  by  small 
opaque  spots,  which  produce  the  mottled  structure  recently  termed  by 
the  writer  pceciHtic,^  The  color  of  these  cleavage  surfaces,  which  with 
the  aid  of  the  microscope  are  found  to  belong  to  large  individuals  of  a 
somewhat  altered  hornblende,  is  so  nearly  like  that  of  the  ground  mass 
of  the  rock  that  unless  their  reflection  is  caught  in  just  the  right  light 
they  escape  detection. 

The  large  porphyritic  crystals  of  feldspar  are  almost  wholly  changed 
to  saussurite.  This  has  a  dull  gray  color,  and  is  nearly  opaque  even  in 
the  thinnest  sections.  A  high  magnifying  power  resolves  it  into  an  ag- 
gregate of  minute  zoisite  needles.  Curiously  enough,  these  feldspar  cry  s- 
tals  show  a  clear  zone  of  unaltered  substance  around  their  outer  edge. 

»  Bull.  IT.  8.  Geol.  Survey,  No.  28,  p.  46. 

*Aiii.  Juur.  Sci.,  3d  series,  vol.  28,  p.  2«2,  Oct,  1884. 

*  Jabrbuob  preuss.  geol.  Landesanstalt  fttr  1883,  p.  632,  Berlin,  188S. 

*  From  TouciAof,  mottled.    See  A.m.  Jour.  Sci..  3d  seriec  1886,  vol.  31,  p.  fO. 
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This  fresh  and  finely  striated  portion  presents  a  striking  contrast  to  the 
dall  grs^y  saussurite,  and  it  is  difficnlt  to  imagine  how  it  has  so  com- 
pletely escaped  the  alteration  which  has  attacked  the  rest  of  the  crys- 
tal, unless  it  is  the  product  of  a  more  recent  growth. 

With  the  exception  of  groups  of  ilmenite  grains,  which  are  beauti- 
foUy  fringed  with  a  leucoxene  border,  the  remainder  of  this  rock  is  com- 
posed almost  wholly  of  hornblende.  In  its  freshest  state  this  mineral 
has  a  compact  structure  and  coffee  brown  color,  with  the  usual  pleo- 
chroism  and  other  optical  properties  of  the  species.  Its  flrst  phase  of 
alteration  consists  in  turning  green,  and  this  is  followed  by  a  gradual 
bleaching.  This  process  continues  until  the  mineral  has  become  quite 
colorless,  without,  however,  losing  its  compact  structure.  In  the  larger 
individuals  of  compact  hornblende,  whether  this  is  brown,  green,  or  color- 
less, occur  numerous  small  lath-shaped  feldspars^  which  produce  the 
mottled  or  ^*poecilitic^  structure  above  alluded  to.  These  seem  to  be 
less  completely  changed  to  saussurite  than  the  larger  feldspar  crystals, 
but  they  often  contain  the  zoisite  crystals  in  a  more  perfect  state  of 
development. 

It  has  already  been  mentioned  that 
these  hornblende  crystals  show  an 
advanced  stage  of  alteratiou.  The 
hornblende  itself  is  bleached  until  it 
is  nearly  colorless.  The  final  change 
seems  to  be  the  breaking  up  of  this 
bleached  hornblende  into  an  aggre- 
gate of  colorless  needles,  resembling 
tremolite.  In  other  cases,  however, 
it  is  changed  in  irregular  patches  to 
a  colorless  chlorite  which  is  quite 
isotropic,  and  only  visible  between 
crossed  nicol  prisms.  The  peculiar 
manner  in  which  this  takes  place  de- 
serves particular  notice,  and  is  repre- 
soited  in  Fig.  9.  The  hornblende 
snbstance  remains  in  interlacing  veins  between  the  chlorite  areas. 
It  is  brightly  polarizing  and  may  be  often  seen,  as  in  the  figure,  to 
be  continuous  with  an  unchanged  hornblende  individual.  This  pecaliar 
mode  of  alteration  is  doubtless  also  conducive  of  the  "  pcecilitic''  effect 
above  mentioned.  The  clearness,  transparency,  refraction,  etc.,  of  both 
hornblende  and  chlorite  are  so  nearly  identical  that  this  structure  is 
▼holly  invisible  in  ordinary  light,  and  the  effect  of  polarized  light  in 
transfoi^ming  the  apparently  homogeneous  and  colorless  mass  into  its 
two  strongly  contrasted  elements  is  very  striking. 

No.  11034  is  essentially  the  same  as  the  specimen  just  described, 
except  perhaps  that  it  is  more  altered,  and  hence  contains  less  of  the 
original  compact  brown  hornblende.    Most  of  the  hornblende,  indeed, 
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colorless  chlorite  in  a  porpbyritic  diorite 
from  Lower  Quinnesec  Falls.  Nicols crossed. 
Magnified  80  diameters. 
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in  this  rock  is  colorless,  and  ranch  of  it  is  ftbrons.  That  which  still 
retains  any  color  is  for  the  most  part  green. 

No.  11035  was  not  sectioned,  but  in  the  hand-specimen  it  exactly 
resembles  the  others. 

No.  11032,  collected  with  the  specimens  last  described,  is  a  beantifal, 
fresh  looking  rock,  without  porphyritic  structure,  but  with  its  hornblende 
in  long,  slender,  greenish-black  crystak.  Under  the  microscope  the 
feldspar  of  this  rock  is  seen  to  be  less  altered  than  in  those  above 
described.  Saussurite  is  abundantly  developed  in  it,  but  not  so  exten- 
sively as  in  the  porphyritic  crystals  of  the  other  specimens.  There  is, 
however,  here  no  brown  hornblende.  This  mineral  is  all  of  a  pale  green 
color,  or  it  is  changed  to  chlorite,  which  sometimes  contains  sharp 
crystals  of  epidote.  Ilmenite  is  abundant  and  is  fringed  with  lea* 
coxene. 

The  above  described  specimens,  from  the  extreme  western  edge  of 
the  ridge  near  the  falls,  although  they  are  the  least  altered  form  of  the 
rock,  hardly  represent  its  most  typical  aspect,  as  the  ndge  is  followed 
along  the  river  bank,  westward  from  Sandy  Portage,  its  high  and  almost 
perpendicular  front  is  found  to  be  composed  of  a  light  green  or  grayish- 
green,  fine  grained  or  aphanitic  rock.  This  is  compact  and  massive  in 
structure,  but  everywhere  profoundly  seamed  and  jointed.  It  is  cut  by 
cross-gashes  and  parted  joints,  and  giveB  every  indication  of  having 
been  pulled  or  crushed — at  all  events,  of  having  been  subjected  to 
enormous  mechanical  strains.  The  joints  and  seams  often  run  in  many 
different  directions,  producing  a  regular  breccia  without  cement.  The 
rock  is  also  much  slickensided,  frequently  so  much  so  as  to  produce  a 
schistose  structure.  The  layers  thus  formed  sometimes  b(»nd  around 
more  massive  cores,  which  seem  to  have  resisted  the  rubbing  action. 

The  formation  of  what  are  above  described  as  '*  cross-gashes '^  is 
very  curious.  At  times  the  entire  face  of  the  rock  wall  is  scarred  with 
approximately  parallel  gaping  seams,  closely  resembling  the  rents  formed 
in  moderately  dry  clay  or  putty  when  this  is  stretched.  A  single  open- 
ing does  not  extend  for  any  great  distance,  but  a  great  number  of  them 
of  all  dimensions,  closely  crowded  together,  may  produce  an  irregular 
sort  of  foliation.  The  general  appearance  of  a  rock  thus  gashed  is  rep- 
resented in  Fig.  10,  which  was  drawn  from  a  hand-specimen.  This  of 
course  can  give  only  an  approximate  idea  of  the  appearance  of  this 
structure  in  a  large  rock-mass.  These  gashes  seem  to  have  been  pro- 
duced by  a  stretching  of  the  rock,  or,  what  amounts  to  the  same  thing, 
by  a  bulging  perpendicular  to  the  action  of  some  great  pressure.  They 
resemble  the  ^^klaffende  Bisse,^  described  by  Heim  in  the  Alps,  and  al- 
ready mentioned  in  Chapter  I  (p.  43).  The  edges  of  the^seams  are  ragged 
as  though  they  had  been  formed  by  a  forcible  tearing  asunder  of  the 
rock  after  it  was  solid.  They  are  often  filled  with  subsequent  infiltra- 
tions of  secondary  minerals,  like  calclte  or  quartz,  but  more  frequently 
they  are  open. 
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No.  11028  is  a  fair  averaige  specimen  of  the  rock  composing  this  ridge. 
It  is  a  grayish  green,  compact,  homogeneous  mass,  which  is  but  little 
jointed.    Under  the  microscope  it  is  seen  to  be  mainly  composed  of  a 


Fio.  10.— "Croflfl-gasheB"  in  a  greenstone  from  Lower  Quinnesec  Falls. 

finely  fibrous,  pale  green  hornblende  of  secondary  origin,  of  saussurite, 
qoartz,  and  ilmenite.  The  structure  of  the  rock  has  been  almost  en- 
tirely destroyed  in  the  course  of  the  mineralogical  changes  which  have 
taken  place  in  it.  As  the  new  minerals  have  formed  they  have  wan- 
dered from  the  position  occupied  by  the  older  ones  and  have  thus  pro- 
duced a  fine  grained  and  confused  aggregate  in  which  remains  of  larger 
rectangular  feldspars  or  hornblende  crystals  are  only  rarely  disceruible. 
The  ilmenite  is  scattered  about  in  minute  dots,  each  surrounded  by  its 
own  leucoxene  border.  The  quartz  is  in  irregular  patches  and  bears 
every  evidence  of  being  secondary  in  its  origin. 

No.  11033,  from  near  the  western  end  of  the  ridge,  is  almost  identical 
with  the  specimen  last  described,  but  contains  more  quartz,  and  the 
remains  of  the  feldspar  imbedded  in  a  dark  gray,  opaque  matrix. 

No.  11031  is  a  specimen  collected  from  very  near  the  spot  where  No. 

11028  was  obtained,  and  the  two,  when  taken  in  connection,  show  in  a 

very  clear  and  beautiful  manner  the  effect  of  mechanical  action  in  modi- 

fying  both  the  macro-structure  and  the  micro-structure  of  a  solid  rock. 

Bull.  62 6  D  9' '^^^  ^y  CjOOgle 


82  GREENSTONE   SCHIST  AREAS   OF  MICHIGAN.  lBtjLL.62. 

In  spite  of  great  present  differences,  there  can  be  no  doubt  that  the 
two  specimens  were  once  portions  of  a  continuous  mass.  They  were 
taken  side  by  side  from  a  single  ledge  which  showed  nothing  like  a  line 
of  contact  between  two  different  rocks.  One  is  a  typical  massive  green- 
stone, with  hardly  a  joint-plane  visible  in  it  5  the  other,  while  agreeing 
closely  with  the  first  in  color  and  texture,  is  deeply  cracked,  gashed 
and  seamed,  and  possesses  a  pronounced  schistose  structure.  The  orig- 
inal form  of  both  specimens  was  doubtless  an  igneous  rock  of  the  dia- 
base type^  which  has  been  subjected  in  one  case  (No.  11028)  to  chemical 
(metasomatic)  and  in  the  other  (No.  11031)  to  dynamic  metamorphism. 

Bocks  may  be  altered  by  simple  pressure,  but  the  accumulated  strains 
which  are  generated  within  them  are  relieved  and  adjusted  by  over- 
coming the  force  of  cohesion  along  certain  planes.  Here  there  will  be 
a  shearing  motion  of  greater  or  less  extent,  and  a  consequent  crushing 
of  the  rock.  The  reiit  is  soon  healed  by  the  crystallization  of  new  com- 
pounds which  cement  the  crushed  fragments,  and  in  this  way  a  schistose 
band,  of  width  varying  with  the  intensity  of  the  force,  may  be  devel- 
oped in  the  midst  of  an  otherwise  solid  and  massive  rock;  or  a  number 
of  such  bands  may  be  formed  parallel  to  one  another,  and  together  im- 
parting to  the  rock  the  appearance  of  a  foliated  or  even  a  banded 
schist. 

Conclusive  proof  of  this  process  might  be  difficult  to  discover  without 
the  aid  of  the  microscope,  but  this  instrument  is  happily  able  to  aftord 
sufficient  evidence  to  overcome  all  doubt.  We  shall  have  many  instances 
of  such  action  to  describe  in  the  sequel,  each  of  which  will  exemplify 
some  particular  phase  of  the  process. 

The  two  rocks  here  under  discussion,  however,  illustrate  this  general 
principle  in  an  admirable  manner.  Plate  IX  represents  the  appearance 
of  each  of  them  in  a  thin  section  as  seen  under  the  microscope.  The 
structure  of  the  first.  No.  11028,  is,  as  above  described,  a  granular  aggre- 
gate of  fibrous  hornblende,  chlorite  saussuritized  feldspar,  quartz,  and 
ilmenite,  produced  by  chemical  action  alone  in  recrystallizing  the  ele- 
ments of  the  original  constituents  in  new  compounds  more  in  accord- 
ance with  the  altered  physical  conditions  to  which  the  rock  was  sub- 
jected. The  component  minerals  of  the  second  rock  (No.  11031)  are 
not  so  different  from  the  last,  but  the  story  of  its  origin  is  told  in  its 
structure.  The  primary  constituents  seem  to  have  been  literally  pul- 
verized by  crushing.  The  feldspar  crystals  have  been  pulled  apart, 
the  fragments  being  separated  a  considerable  distance  (always,  how- 
ever,  in  the  same  direction),  but  it  is  still  possible  to  recognize  frag- 
ments which  once  belonged  together.  The  substance  of  this  feldspar 
is  remarkably  fresh,  another  instance  of  the  chemical  action  which  takes 
place  in  this  mineral  being  inversely  proportional  to  the  mechanical 
action  which  has  affected  it.  The  separation  of  the  feldspar  fragments 
is  due  to  a  stretching  action  and  the  spaces  between  them  are  filled 
with  a  pale  green  and  almost  isotropic  chlorite.     This  mineral  bus 
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evidently  been  developed  at  the  expense  of  the  hornblende,  which  is 
here  only  rarely  to  be  found,  and  then  always  in  bands  where  the  me- 
chanical defonnation  has  been  less  intense.  Where  it  is  found,  how- 
ever, this  hornblende  is  identical  with  that  occurring  in  No.  11028.  The 
ilmenite  and  leucoxene  are  seen  as  before,  but  the  former  is  far  less 
abundant  while  the  latter  is  proportionately  more  abundant.  When 
the  ilmenite  has  completely  disappeared,  the  leucoxene  forms  bands  and 
stringers,  thus  aiding  in  the  production  of  a  schistose  structure. 

This  development  of  chlorite  out  of  the  hornblende  substance  seems 
to  be  a  very  important  feature  in  the  stretched  basic  eruptive  rocks 
and  many  other  instructive  examples  of  it  will  be  given  beyond.  It 
has  a  definite  bearing  upon  the  origin  of  the  fine  grained  chlorite  schists 
which  accompany  and  are  interstratified  with  so  many  of  them. 

TSos.  11041  and  11042  form  an  instructive  pair  of  specimens,  collected 
near  the  river  bank  toward  the  western  end  of  the  ridge.  At  this 
particular  locality  there  is  a  well  marked  band  of  green  schist  travers- 
ing the  here  generally  massive  greenstone  in  a  direction  S.  70^  E.  The 
schistose  structure  is  irregular  and  undulatory,  and  on  either  side  there 
18  a  gradual  passage  from  the  schist  into  the  massive  rock.  No.  11042 
is  from  the  surrounding  mass  immediately  at  the  edge  of  the  schist 
band.  In  a  hand-specimen  it  appears  to  be  considerably  altered,  of  a 
gray  color,  and  without  any  cleavage.  Under  the  microscope  the  orig- 
inal structure  is  easily  recognizable.  The  rock  is  largely  composed  of 
stout  rectangular  feldspars,  with  a  somewhat  rounded  outline,  and  in- 
ternally changed  to  saussurite,  though  their  periphery  is  mostly  clear. 
Between  these  are  the  remains  of  former  hornblende  (possibly  pyroxene) 
individuals  now  represented  only  by  amphibole  fibers  and  chlorite. 
Beautiful  skeleton  forms  of  leucoxene,  composed  of  three  sets  of  par- 
allel bands,  reproducing  the  rhombohedral  parting  of  the  original  ilmen- 
ite, are  abundant. 

No.  11041  is  the  same  rock  as  the  last  in  a  much  more  altered  form. 
The  feldspar  is  mostly  changed  to  calcite,  and  the  hornblende  to  chlo- 
rite. The  structure  has  wholly  disappeared  and  there  is  a  very  fine  mo- 
saic of  quarts  and  secondary  albite  substance.  Still,  the  same  skeleton 
forms  of  leucoxene  remain  and  there  is  no  doubt  that  the  two  speci- 
mens represent  the  same  rock  in  different  stages  of  alteration,  the 
more  changed  form  having  become  decidedly  schistose. 

Farther  west,  in  the  immediate  vicinity  of  Lower  Quinnesec  Palls,  the 
abrupt  face  of  the  diorite  ridge  proper  retires  a  short  distance  from  the 
river  bank.  Along  the  shore  the  massive  greenstones  give  place  to  slaty 
rocks,  which  cleave  into  rhomboidal  prisms.  They  have  no  proper  strike, 
hot  seem  to  break  with  equal  readiness  in  all  planes  parallel  to  a  line ; 
and  this  line  is  here  nearly  perpendicular  to  the  surface.  No.  11043  is 
one  of  these  rocks  of  a  greenish  color.  Under  the  microscope  it  is  seen 
to  have  been  so  profoundly  altered  that  it  is  now  impossible  to  assert 
from  internal  evidence  what  its  original  character  was.    Still,  its  geo- 
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logical  position  indicates  that  it  was  once  a  part  of  the  gabbro  or  diorite 
ridge,  and  there  is  nothing  in  its  present  structure  that  directly  contra- 
dicts this  suppositioD.  The  rock  has  a  pronounced,  although  irregular 
and  nndnlatory,  schistose  structure.  It  consists  largely  of  a  fine  grained 
matrix,  composed  of  chlorite  scales,  arranged  parallel  to  the  direction 
of  schistosi  ty.  With  this  mineral  are  associated  quartz,  feldspar,  opaque 
black  grains,  probably  magnetite,  and  occasionally  sharply  defined  crys- 
tals of  muscovite.  Imbedded  in  this  gronndmass  are  larger  feldspars, 
sometimes  in  well  developed  crystals,  sometimes  in  firagments.  The 
substance  of  these  is  but  very  little  altered,  and  yet  their  outline  is 
made  indistinct  by  the  penetration  into  them  of  the  chlorite  scales. 
They  often  appear  to  have  been  much  squeezed  and  broken,  the  frag- 
ments being  more  or  less  separated.  Grains  of  quartz  are  occasionally 
seen,  which  have  also  been  fractured  by  pressure.  Galcite,  due  to 
alteration,  is  also  sparingly  present. 

Similar  rocks,  more  or  less  schistose  and  varying  from  a  dark  green 
to  a  light  gray,  occur  from  this  point  along  the  river  bank  all  the  way 
to  the  falls. 

No.  11046  is  from  the  light  silvery-gray,  greasy-feeling  band,  which 
projects  into  the  basin  at  the  foot  of  the  falls.  This  is  a  typical  sericite 
schist.  Under  the  microscope  it  is  seen  to  have  a  finely  schistose  struct- 
ure, produced  by  the  parallel  arrangement  (often  in  bands)  of  quartz 
grains,  sericite  scales,  and  chlorite,  which  is  nearly  colorless.  Along 
with  this  is  a  large  amount  of  calcite,  also  distributed  in  bands.  There 
is  no  feldspar  visible.  The  most  interesting  constituent  is  rutile.  This 
mineral  is  sparingly  distributed  through  the  whole  rock  in  very  minute 
and  sharply  defined  crystals.  These  have  a  pale  yellow  color,  a  high 
index  of  refraction,  and  the  usual  twinned  forms.  In  certain  portions 
of  the  section  there  are  dull  gray,  opaque  spots,  which  are  yellow  in 
reflected  light.  These  are  not  continuous,  but  are  more  or'  less  broken 
up  and  pulled  out  in  the  direction  of  the  schistose  structure.  They 
contain  occasional  dark  red  and  irregularly  shaped  grains  of  rutile,  but 
for  the  most  part  they  are  composed  of  innumerable  small  rutile  needles 
(quite  like  the  "  ThonschiefernadeW^  of  the  Germans)  so  closely  crowded 
together  as  to  form  an  opaque  mass,  only  resolvable  with  a  high  power 
of  the  microscope.  From  these  dense  masses  the  other  little  needles 
in  the  other  parts  of  the  rock  seem  to  have  wandered. 

This  rock  is  almost  identical  with  certain  light  colored,  very  fis/dle 
schists  occurring  on  the  opposite  side  of  the  river  (cf.  No.  11011,  de- 
scribed beyond),  and  the  strike  of  these  two  exposures  seems  to  identify 
them  as  belonging  to  a  single  band. 

Greenstones  of  the  Lower  Quinnesec  Falls. — Passing  now  to  the  rocks 
exposed  along  the  northern  or  northwestern  shore  of  the  basin  below 
Lower  Quinnesec  Falls,  we  find  alternating  bands  of  lighter  and  darker 
colored  greenstones,  each  accompanied  by  schistose  layers,  which  pre- 
sent instructive  examples  of  dynamic  metamorphism. 
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The  accompanying  map  (PI.  IV)  represents  an  enlarged  portion  of 
Major  Brooks's  map  of  Lower  Quinnesec  Falls*  Commencing  at  the 
western  corner  of  the  basin  there  are,  along  its  northern  shore,  three 
bands  of  dark  and  two  of  light  colored  rocks.  The  two  kinds  of  struct- 
ure, massive  and  schistose,  are  so  intimately  connected  in  both  of  them 
that  it  is  impossible  to  escape  the  conviction  that  the  latter  has  been 
secondarily  developed. 

If  we  begin  at  the  extreme  western  end  of  this  exposure,  at  the  corner 
of  the  basin  where  a  sharp  bend  in  the  river's  course  has  produced  a 
low,  sandy  beach,  we  discover  that  the  rocks  are  of  a  dark  green  color. 
The  first  specimen  taken  from  this  band  (No.  11001)  is  massive  and 
jointed.  No  feldspar  is  visible,  except  in  large  porphyritic  crystals, 
which  are  not  common.  Even  in  this  massive  rock  occasional  narrow 
bands,  having  a  wavy  foliation,  may  be  seen.  These  resemble  slicken- 
sides,  and  represent  plan^  of  slipping  or  sliding  in  the  massive  rock 
(No.  11002).  Tracing  these  rocks  a  short  distance  to  the  east,  the  wavy 
schistose  bands  become  more  and  more  numerous,  until  the  whole  mass 
becomes  decidedly  slaty,  and  has  a  greasy  feel.  This  foliated  rock 
strikes  slightly  south  of  east  and  dips  steeply  toward  the  north.  The 
lamime  are  frequently  separated  and  bulged  into  lenses,  which  are 
either  filled  with  quartz  or  are  still  open  and  then  coated  with  drusy 
quartz  (No.  11003).  These  slaty  rocks  have  a  dark  gray  color,  and,  in 
some  respects,  resemble  hydro-mica  schists,  but  yet  it  is  imiK>ssible  to 
separate  them  in  the  field  from  the  dark  green  massive  rocks  above 
described,  as  each  parses  by  imensihle  gradations  into  the  other. 

Under  the  microscope.  No.  11001  appears  as  a  medium  grained  aggre- 
^e  of  feldspar  and  pale,  fibrous  hornblende  with  some  ilmenite  and 
lencoxene.  The  structure  is  still  well  preserved.  The  feldspar  is  in 
stout,  columnar  crystals,  all  distinctly  striated  and  often  considerably 
changed  to  zoisite  or  epidote.  The  hornblende  is  in  irregular,  ragged 
masses  or  in  minute  needles.  The  pale,  fibrous  sort  is  plainly  seen  to 
have  been  derived  from  a  compact,  darker  green  and  pleochroic  variety; 
but  farther  back  than  this  (i.  e.,  to  a  possible  original  pyroxene)  it  can 
not  be  traced.  There  is  also  a  little  pale  green  chlorite,  looking  much 
like  the  secondary  hornblende,  except  between  crossed  nicols,  where  it 
is  nearly  isotropic. 

No.  11002,  taken  from  one  of  the  narrow  schistose  bands,  has  plainly 
been  produced  by  a  shearing  or  sliding  within  the  last  described  mas- 
sive rock,  and  presents  an  interesting  relationship  to  it  when  placed 
under  the  microscope.  The  two  are  plainly  identical  as  far  as  the  com- 
ponent minerals  are  concerned,  but  the  structure  of  the  latter  has  under- 
gone  a  great  change.  The  grain  at  first  glance  appears  to  be  finer,  but 
this  is  soon  seen  to  be  due  to  a  crushing  of  the  original  minerals.  The 
feldspars  especially  are  very  much  broken  and  their  parts  more  or  less 
separated.  This  mechanical  action  has  been  attended  by  increased 
chemical  activity.    The  original  substance  of  the  crushed  feldspar  crys- 
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tals  is  hardly  as  much  changed  as  in  the  preceding  instance,  bat  there 
has  been  a  considerable  reerjstallizatiou  of  new  feldspar  substance 
(probably  albite).  The  hornblende,  because  of  its  secondary  nature,  is 
more  like  that  in  the  massive  rock  (No.  11001),  but  even  this  is  some- 
times sundered  and  torn.  Chlorite  is  much  more  abundant,  especially  in 
the  interstices  between  the  fi*agments  of  the  broken  feldspar  crystals. 
It  is  sometimes  filled  with  very  delicate  and  minute,  though  extremely 
sharp,  epidote  crystals.  The  ilmenite  is  more  extensively  changed  to 
leucoxene  than  before,  and,  in  some  cases,  shows  a  decided  pulling  out 
in  the  direction  of  the  schistose  structure.  On  the  whole,  many  of  those 
metasomaiic  changes  which  the  greenstones  most  commonly  show  are 
here  seen  to  have  been  accelerated  and  intensifieil  by  the  mechanical 
force  which  has  crushed  the  rock  and  so  changed  its  structure.  Thus 
the  two  forces — dynamical  and  chemical — may  go  hand  in  hand  and 
together  produce  a  rock  which  is  both  structurally  and  mineralogicaily 
very  different  from  that  out  of  which  it  has  been  derived. 

Passing  eastward  along  this  exposure,  we  next  come  to  a  wide  band 
of  much  lighter  colored  rock,  which  extends  as  for  as  the  lower  side  of 
the  small  cove,  situated  on  the  right  bank  immediately  below  the  falls. 
This  band  exhibits,  in  a  most  admirable  manner,  the  secondary  devel- 
opment of  schistose  layers  in  a  massive  rock,  and  is  well  deserving  of 
careful  study.  The  most  typical  and  least  altered  form  occurs  just  at 
and  below  the  corner  of  the  small  cove.  This  is  a  medium  grained, 
massive  aggregate  of  opaque  white  saussurite  and  light  green,  fibrous 
hornblende,  and  it  closely  resembles,  in  its  external  aspect,  the  barrier 
rock  at  both  Upper  Quinnesec  and  Sturgeon  Falls.  Nos.  11008  and 
11009  represent  this  occurrence,  but  even  the  most  massive  specimens 
which  could  be  obtained  are  seamed  with  cracks  approximately  parallel 
in  direction  and  coated  with  a  lamellar,  soft  green  mineral  like  that  in 
the  adjoining  schists.  This  is  shown  by  examination  to  be  chlorite. 
On  both  sides  of  the  massive  portion  of  this  band  the  parallel  cracks 
become  more  and  more  abundant  (No.  11004  below,  and  No.  11010 
above),  and  on  the  lower  side  of  the  small  cove  the  rock  passes,  with- 
out any  break  in  its  continuity,  into  silky  schists  (No.  1101I),iike  those 
above  described  from  the  opposite  side  of  the  river  (cf.  No.  11046,  p.  84). 

Under  the  microscope,  the  least  altered  specimens  of  this  rock  (Nos.. 
11008  and  11009)  are  found  to  bear  a  close  resemblance  to  the  light 
colored  gabbro  of  Sturgeon  Falls  (see  p.  68),  except  that  in  the  present 
instance  no  trace  of  diallage  is  discernible.  The  structure  of  the  two 
rocks  is  the  same.  The  feldspar  is  here  also  replaced  by  the  same  gray, 
opaque  saussurite,  in  which,  with  a  high  power,  zoisite  and  calcite  may 
be  easily  detected.  The  hornblende,  as  seen  in  a  microscopic  section,  is 
practically  colorless.  Only  occasionally  are  traces  of  a  greenish  tinge 
observable.  Between  crossed  nicols  this  mineral  generally  exhibits  a 
homogeneous  extinction,  so  that  it  can  not  be  regarded  as  truly  fibrous, 
and  yet  there  can  be  no  doubt  as  to  its  secondary  nature.    Its.  edges  are 
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ragged  and  there  is  a  decided  tendency  to  separation  into  fibers^  even 
when  these  are  not  actually  present.  It  is  noteworthy  that  this  sec- 
ondary hornblende  can  only  be  traced  back  (and  that  in  rare  instances) 
into  a  more  compact  greenish  or  brownish  variety  of  the  same  mineral. 
In  none  of  the  thin  sections  is  there  any  positive  evidence  that  dial- 
lage  was  ever  present;  and  yet  the  close  similarity  of  this  rock  to  the 
Sturgeon  FaUs  gabbro  naturally  suggests  it.  If  the  diallage  were 
originally  present  it  has  completely  changed  to  the  pale  hornblende, 
while  the  brown  hornblende  longer  resisted  the  bleaching  action,  and 
hence  sometimes  still  remains.  If  this  were  not  the  case,  we  are  com- 
pelled to  assume  one  of  the  two  other  alternatives  suggested  in  the 
case  of  the  porphyriticdiorite  from  the  other  side  of  the  river,  No. 
11098  (see  p.  78). 

The  pale  hornblende  is  often  partially  altered  to  colorless  chlorite, 
and  the  ilmenite  is  more  or  less  changed  to  leucoxene. 

Nos.  11004  and  11010,  taken  from  either  side  of  the  above  described 
band,  represent  somewhat  schistose  varieties  of  it  which  have  been 
produced  by  the  action  of  pressure.  That  this  is  actually  the  case 
is  admirably  shown  by  a  microscopic  examination.  The  hornblende 
of  the  original  rock  seems  to  have  passed  completely  into  a  very  pale 
or  colorless  chlorite.  Saussurite,  on  the  other  hand,  is  less  abundantly 
develoi>ed  than  in  the  more  massive  rock  above  described,  and  it  is  dis- 
posed in  narrow  veins  or  in  small,  irregular  spots.  The  ilpenite  has 
given  it6  place  to  a  dark  gray  substance  resembling  leucoxene.  This 
is  drawn  out  in  stringers  following  the  direction  of  the  schistosity, 
and  in  the  center  of  these  a  yellow  grain  of  rutile  may  sometimes  be 
observed.  Calcite  is  also  present.  The  structure  of  the  rock  is 
completely  different  from  that  from  which  it  is  supposed  to  have  been 
derived.  It  is  now  composed  largely  of  a  fine  grained  groundmass. 
This  is  made  up  of  a  microgranitic  aggregate  of  minute  grains  of  an 
nnstriated  substance  resembling  quartz,  but  which,  from  its  high  spe- 
cific gravity,  is  probably  a  feldspar.  These  grains,  together  with 
chlorite  scales,  leucoxene,  some  calcite,  and  an  occasional  bit  of  epi- 
dote  or  sericite,  are  arranged  so  as  to  produce  an  indistinct  schistose 
structure,  the  bands  of  which  bend  and  wind  around  larger  porphyritic 
individuals  of  feldspar.  In  this  way  a  lenticular  or  "  Flaser"  structure 
results,  which,  however,  is  hardly  discernible,  except  under  the  micro- 
scope. A  very  particular  interest  attaches  to  the  porphyritic  feldspar 
crystals  of  these  rocks.  In  comparison  with  those  in  the  more  massive 
-  rock  (11008  and  11009),  they  are  but  slightly  altered  to  saussurite ;  in- 
deed, for  the  most  part,  they  are  surprisingly  fresh  and  glassy.  Glis- 
tening cleavage  surfaces  may  be  readily  detected  with  the  unaided  eye, 
and  under  the  microscope  this  feldspar  appears  in  clear,  colorless  grains, 
almost  wholly  free  from  inclusions  of  any  kind.  Occasionally  these 
possess  a  light  brownish  tinge,  due  to  some  evenly  distributed  pig- 
ment Between  crossed  nicols  this  clear  feldspar  substance  presents 
sharp  twinning  lamell®  and  a  comparatively  high  extinction  angle. 
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The  individual  crystals  are  invariably  broken  and  the  fragments  are 
more  or  less  separated.  The  intervening  spaces  are  filled  with  a  micro- 
granitic  groandmass,  as  shown  in  Plate  YIII,  figs.  1  and  2,  of  other 
similar,  though  more  acid  rocks  from  Upper  Quinnesec  Falls  and  from 
the  vicinity  of  Marquette,  Michigan. 

The  clearness  and  freshness  of  this  feldspar  would  at  first  suggest  the 
probability  of  its  being  a  secondary  crystallization,  as,  for  instance, 
albite  is  often  found  to  be.  This,  however,  is  shown  not  to  be  the  fact, 
first,  by  the  broken  state  of  all  the  crystals,  indicating  that  they  must 
have  been  in  existence  when  the  rock  was  pressed  and  crushed ;  and, 
second,  by  their  physical  properties  which  show  that  the  feldspar  is 
labradorite.  Upon  isolation  this  feldspar  was  found  to  have  a  specific 
gravity  of  2.69 ;  and  in  cleavage  pieces  parallel  the  basal  plane,  it  gives 
an  extinction  angle  of  12^  to  20^  on  each  side  of  the  twinning-trace. 

The  survival  of  the  original  feldspar  in  an  almost  unaltered  state,  in 
a  rock  so  profoundly  changed  by  mechanical  action,  naturally  occa- 
sioned some  surprise.  Examples  of  the  same  sort  have  already  been 
cited  (e.  g.  Nos.  11154  and  11165  from  Sturgeon  Falls,  and  Ko.  11032 
ft'om  the  diorite  ridge  below  Lower  Quinnesec  Falls),  and  so  many  cases 
of  a  like  character  were  encountered  from  other  localities  that  the  oc- 
currence of  the  freshest  feldspar  in  the  most  crushed  rock  must  be  re- 
garded as  the  rule. 

I  know  of  no  way  of  interpreting  this  phenomenon,  substantiated  by 
so  many  instances,  except  by  supposing  that  the  pressure,  which  acts 
powerfully  in  stimulating  chemical  action  in  the  solid  rock,  is  relieved 
on  the  harder  grains  of  a  crushed  band,  since  these  are  able  to  change 
their  position  by  slipping  among  the  softer  materials. 

The  nearly  vertical,  silvery  schists  (No.  llOll)  which  occupy  the  west- 
ern corner  of  the  little  cove  just  below  the  Lower  Quinnesec  Falls,  rep- 
resent only  a  more  highly  metamorphosed  state  of  the  rocks  above  de- 
srcibed.  They  are  extremely  soft,  fissile,  and  schistose  in  a  hand-speci- 
men. Under  the  microscope  they  closely  resemble  the  groundmass  of 
the  last  described  rocks  (Nos.  11004  and  llOIO).  The  granular  aggre- 
gate is  so  disposed  as  to  produce  a  decided  schistose  structure.  Both 
calcite  and  sericite  have  become  more  abundant,  while  the  porphyritic 
feldspar  crystals  have  completely  disappeared.  The  leucoxene  also  can 
no  longer  be  found,  but  the  long  lines  of  very  sharp  and  minute  rutile 
crystals,  which  are  not  present  in  any  of  the  more  massive  related  rocks, 
appear  to  have  taken  its  place. 

The  perfect  continuity  of  the  massive  rock  (Nos.  11008  and  11009) 
with  these  schists,  through  the  intermediate  member  (11010)  is  admira* 
bly  shown  in  the  exposure  at  the  western  end  of  this  small  cove. 

The  following  chemical  analyses  of  these  three  specimens  have  been 
made  by  Mr.  E.  B.  Biggs. 
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I.  No.  11008,  Gabbro-diorite  from  Lower  Quinnesoo  basfn. 
IL  No.  llOlOy  Schistose  form  of  the  same  rock. 
III.  No.  JlOll,  Seriate  schist  adjacent  to  last. 


(I.) 


(11.) 


(HI.) 


SiO, 

FetO,.... 

FeO 

CaO 

MgO..... 

N*^ 

K,0 

H,0 

CO, 

Total 


47.96 

49.19 

16.85 

18.71 

433 

5.03 

4.17 

4.04  ' 

13.25 

5.02 

9.15 

7.98  : 

1.25 

1.44 

.30 

.77 

2.89 

5.05 

.08 

1.82 

100.23 

99.95 

TiO}  not  determined. 

The  close  agreement  between  these  analyses  is  striking.  The  low 
percentage  of  iron  sufficiently  accounts  for  their  uniformly  light  color. 
The  most  striking  difference  is  perhaps  the  loss  of  calcium  and  the 
lesser  loss  of  magnesium,  both  of  which  were  undoubtedly  carried  off 
in  the  form  of  soluble  carbonates  when  the  ro<k  was  crushed.  The 
water  is  contained  in  the  pale  chlorite,  which  first  increases  in  amount 
and  then  decreases,  as  its  components  are  transformed  into  carbonates. 
The  sodium  was  first  contained  in  the  feldspar  and  the  steady  increase 
in  its  relative  amount  is  probably  due  to  the  development  of  the  serioite- 
like  mica,  which  may  be  a  paragonite. 

It  is  interesting  to  compare  the  first  of  these  analyses  with  that  of 
the  Sturgeon  Falls  gabbro  (I  on  p.  76),  the  close  resemblance  of  which 
to  the  rocks  here  under  consideration  has  already  been  alluded  to. 
The  only  noticeable  difference  is  a  slightly  larger  proportion  of  silica 
and  a  smaller  proportion  of  alumina  and  lime  in  the  Sturgeon  Falls 
rock. 

Passing  now  still  farther  to  the  eastward,  we  come  to  the  second  band 
of  dark-colored  greenstones  (see  map,  PI.  IV).  These  follow  directly 
after  the  narrow  exposure  of  the  above-mentioned  silvery  schists  in  the 
western  corner  of  the  little  cove  and  form  a  great  part  of  its  northern 
shore.  They  resemble  the  rocks  occurring  in  the  band  first  described, 
and  present  both  ma^ive  and  schistose  varieties,  which  grade  insensibly 
into  each  other  in  a  manner  not  less  instructive  than  that  in  the  two 
bands  already  considered. 

Nos.  11012, 11013,  and  11021  (the  first  two  from  massive  portions  of 
this  band  along  the  shore  of  the  small  cove ;  and  the  lasc  from  the  Wis* 
consin  side  of  the  river  directly  opposite  the  falls)  are  essentially  identical 
in  appearance  and  composition.  In  the  hand-specimen  they  form  a 
compact,  aphanitic  mass,  of  a  dark  green  color.  Under  the  microscope 
the  originally  diabasic  pature  of  the  rock  is  at  once  apparent,  although 
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the  extensive  mineralogical  changes  which  have  gone  oa  have  greatly 
obscarecl  its  former  structare.  The  components  now  present  are  al- 
most wholly  secondary.  These  are  hornblende,  chlorite  containing  epi- 
dotC)  quartz,  and  lencoxene.  Ilmenite  and  occasional  traces  of  feldspar 
are  the  only  original  constituents  which  remain.  Still  the  disposition  of 
the  secondary  minerals  is  such  as  to  outline  a  diabasic  or  ophitic  struct- 
ure often  with  great  distinctness.  The  feldspar  is  rarely  well  pre- 
served }  but  a  narrow  zone  of  the  unaltered  substance  of  this  mineral 
often  outlines  a  stoutly  lath-shaped  crystal,  even  when  its  interior  is 
wholly  changed  to  an  aggregate  of  quartz,  chlorite,  and  epidote.  The 
hornblende  has  a  curious  appearance.  Its  crystals  are  brownish  and 
nonpleochroic  with  a  somewhat  granulated  surface,  so  that  it  exter- 
nally resembles  diallage.  Its  cleavage  and  optical  properties  prove  it 
to  be  undoubtedly  hornblende,  although  this  superficial  likeness  to  di- 
allage is  so  strong  as  to  almost  compel  the  conviction  that  it  has  origi- 
nate<l  by  paramorphism  from  a  pyroxene.  This  brown  hornblende  is 
seen  with  a  high  power  to  be  gradually  changing  to  a  green  variety,  in 
which  a  pleochroism  for  the  first  time  becomes  apparent.  This  also 
firequently  passes  over  into  a  fibrous  hornblende.  The  chlorite  epidote 
aggregate  in  these  rocks  is  very  finely  developed.  The  chlorite  is  of 
an  emerald  green  color  and  distinctly  pleochroic.  It  appears  between 
crossed  nicols  as  isotropic  or  polarizes  with  a  maroon  tint.  The  epidote 
is  in  sharp,  light  yellow  crystals,  with  the  characteristic  shape  and  op- 
tical properties  of  this  species.  The  microscopic  appearance  of  this 
aggregate  is  represented  in  PI.  XI,  fig.  1,  drawn  from  a  specimen 
collected  below  the  Upper  Quinnesec  Falls  (No.  11049).  The  literature 
relating  ito  it  has  already  been  cited  (Chapter  I,  p.  57).  The  epidote 
crystals  have  been  described  from  the  Menominee  region  by  Wichmann^ 
and  others  as  secondary  augit^.  This  chlorite  epidote  aggregate  covers 
considerable  areas  and  occupies  the  place  of  both  the  feldspathic  and 
the  pyroxenic  constituents.  In  addition  to  the  minerals  already  named, 
ilmenite,  with  its  lencoxene  border,  pyrite  and  secondary  quartz  are 
quite  abundant  in  these  rocks. 

No.  11014,  taken  from  a  narrow,  schistose  band  in  the  massive  green- 
stone (No.  11013),  shows  in  a  remarkably  clear  manner  how  the  dy- 
namic metamorphism  of  this  rock  has  be^n  accomplished.  In  this  in- 
stance there  can  not  be  the  least  doubt  as  to  the  continuity  of  the  rock- 
mass.  The  hand-specimen  No.  11014  has  a  decidedly  schistose  struct- 
ure, and  under  the  microscope  it  shows  the  effects  of  mechanical  crush- 
ing and  attendant  mineralogical  changes  with  great  distinctness.  The 
whole  rock,  with  the  exception  of  certain  remains  of  the  larger  feldspar 
crystals,  has  been  reduced  to  a  fine  grained  mass,  showing  an  aggre- 
gate polarization.  Light  green  chlorite  has  been  largely  developed  and 
has  completely  replaced  all  the  bisilicate  elements.  The  parallel  ar- 
rangement of  the  scales  of  this  mineral  is  what  produces  the  schistose 

'  Oeol.  Wisconaiii,  vol.  3, 1876.  pp.  623.  OM.^^  ^^  CjOOQ  IC 
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straoture,  and  it  surrounds  and  incloses  the  small  grains  in  the  man- 
ner which  has  already  been  explained  in  connection  with  No.  11031 
(p.  81)  and  illustrated  in  PL  IX,  fig.  2.  The  clear,  secondary  grainsform- 
ing  this  mosaic  are  certainly,  to  some  extent  at  least,  qqartz,  while  a 
portion  of  them  may  be  an  unstriated  feldspar.  Calcite  has  been 
largely  developed  in  the  schistose  rock,  and  the  leucoxene  is  replaced 
by  rutile,  either  in  stout,  yellow  grains,  or  in  minute,  sharp  crystals  ar- 
ranged in  long,  sinuous  lines. 

The  mechanical  action  which  produced  this  schistose  band  has  there- 
fore resulteii  in  the  crushing  of  the  rock,  and  the  almost  total  disap- 
pearance of  all  of  the  original  components.  The  comparatively  slight 
change  in  the  chemical  composition  of  the  rock  as  a  whole  may  be  seen 
from  the  two  following  analyses  of  Nos.  11021  and  11014,  made  by  Mr. 
R.  B.  Kiggs. 

'  I.  No.  11021.    Dark  massive  greenatone,  Lower  Qainnesec  Falls. 
II.  No.  11014.    Dark  schistose  greenstone,  forming  a  band  in  the  last. 


SiO, 

A1»0, 

FeA 

FeO. ...... 

CaO 

MgO 

Na,0 

K,0 

H,0 

CO, 

Total 


(I.) 

(H.) 
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44.49 
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9.47 

6.07 

10.50 

5.50 

7.81 

7.94 

6.54 

7.50 

1.96 

2.69 

a34 

0.56 

3.99 

4.99 

0.08 

5.38 

100.67 

100.39 

TiOi  not  determined. 
Powder  dried  at  105<^  C. 


The  changes  here  are  at  once  seen  to  be  dne  (1)  to  the  total  removal 
of  the  iron  ores  (loss  of  iron)  5  (2)  to  the  production  of  carbonates 
(Rain  of  C(>2,  carbonatization) ;  and  (3)  to  the  increase  in  the  amount  of 
chlorite,  (increase  of  H^O,  hydration). 

Toward  the  eastern  end  of  the  small  cove  the  dark-green  schistose 
rocks  app^r  to  pass^by  insensible  gradations  into  exactly  similar  ones 
of  a  lighter  color.  No.  11015,  one  of  these,  is  seen  under  the  micro- 
scope to  be  a  very  schistose  aggregate  of  extremely  pale  chlorite  and 
quartz  grains.  There  is  a  little  calcite  here  present  and  occasional 
scales  of  sericite.  The  rutile,  in  very  minute  and  sharp  crystals,  is  here 
crowded  into  long  bands  and  stringers  which  follow  the  schistosity  of 
the  rock  and  give  the  thin  section  a  pronounced  *'  Flaser^  structure. 

No.  11016,  from  the  extreme  eastern  corner  of  this  cove,  represents  a 
band  of  light  colored  brownish  rocks  with  a  perfectly  developed  schis- 
tose stmcture  and  a  grain  somewhat  resembling  that  of  wood.    These 

Digitized  by  VjOOQ  l€ 


92  GREENSTONE   SCHIST   AREAS   OP   MICHIGAN.      .     [BULL.e2. 

Stand  nearly  vertical,  thoagh  some  dip  fro©  65°  to  70o  N.  20^  W. 
Their  strike  is  turned  from  that  of  tliB  other  rocks  here  (8. 70^  E)  some 
30^  to  40O,  so  that  they  now  strike  N.  70o  B.  Under  the  microscope 
this  rock  is  seen  to  have  essentially  the  same  strncture  and  composition 
as  the  last.  The  main  difference  between  them  is  that  the  present  spec- 
imen has  a  brown  chlorite  instead  of  a  green  one.  This  it  is  that  im- 
parts the  peculiar  color  to  the  rock  in  the  hand-specimen.  There  is 
also  more  calcite  in  this  rock  than  in  the  other.  It  would  seem,  along 
with  No.  11011  above  described,  to  represent  the  most  profoundly  met- 
amorphosed phases  of  the  massive  rocks  at  Lower  Quinnesec  Falls. 
The  original  constituents  have  undergone  an  alteration  to  chlorite, 
quartz,  carbonates,  and  rutile.  The  iron  has  largely  disappeared,  and 
the  crystallization  of  the  new  components  under  lateral  pressure  has 
produced  a  very  pronounced  schistose  structure. 

No.  11023,  from  the  upper  end  of  the  breakwater,  above  the  falls 
(Wisconsin  side),  is  very  closely  allied  to  the  two  specimens  last  de- 
scribed. It  is  a  grayish  schist,  with  the  prevailing  strike,  but  every- 
where seamed  with  transverse  cross-gashes,  which  are,  for  the  most  part, 
filled  with  infiltrated  quartz.  There  seems  to  be  little  doubt  from  a 
field  examination,  that  this  rock  is  continuous  with  the  massive  diabase 
(No.  11021)  in  the  same  way  that  the  last  mentioned  specimens  are  con- 
tinuous with  Nos.  11012  and  11013.  The  massive  green  rock  (No.  11021) 
is  exposed  a  very  short  distance  to  the  west  of  it,  where  it  also  is  fil]^ 
with  seams  and  cross-gashes,  which  appear  to  have  been  squeezed  open 
by  lateral  pressure.  From  this  point  the  transition  to  the  gray  schis- 
tose rock  is  a  very  gradual  one.  The  latter  rock  has  no  regular  bedding 
but  only  a  cleavage  in  one  direction.  This  causes  it  to  break  out  in  angu- 
lar prisms.  The  rock  is  everywhere  fissured,  slickensided,  afid  filled 
with  infiltration  quartz,  as  evidence  of  the  enormous  pressure  to  which 
it  has  been  subjected.  Under  the  microscope  it  is  much  like  No.  11016, 
There  is  the  same  quartz  mosaic,  pale  chlorite  and  strings  of  rutile 
needles,  arranged  so  as  to  produce  a  decided  schistose  structure.  There 
is,  however,  in  this  rock  considerably  more  calcite  and  an  additional 
feature  in  the  way  of  remains  of  former  feldspar  crystals.  These  are 
considerably  altered,  and  appear  to  be  changing  to  a  mass  quite  like  that 
which  composes  the  rest  of  the  rock.  In  fact,  this  has  gone  so  far  that 
it  is  almost  impossible  to  distinguish  these  feldspars  in  ordinary  light, 
although  their  outline  and  nature  become  very  apparent  between  crossed 
nicols.  They  are  arranged  without  reference  to  the  present  schistose 
structure  of  the  rock,  and  evidently  represent  original  constituents  of 
the  rock  from  which  the  present  schist  has  been  derived. 

In  place  of  the  above-described  transition  from  massive  to  schistose 
rocks  along  a  line — normal  to  the  strike — there  is  in  many  instances  the 
sHll  more  conclusive  proof  to  be  found  in  this  same  transition  around 
ellipsoidal  or  lenticular  cores  of  massive  rocks.  Such  masses  grow  grad- 
ually schistose  around  their  periphery  and  pass  into  schists  which  ap- 
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pear  to  wind  around  and  enclose  them,  but  which,  in  reality,  have  been 
formed  out  of  their  own  substance.  An  admirable  example  may  be 
aeen  just  at  the  Wisconsin  edge  of  the  river  at  the  foot  of  Lower  Quin- 
nesec  Falls.  This  is  a  lenticular  mass  of  massive  greenstone  about  eight 
feet  in  its  longest  diameter.  This  grades  insensibly  around  its  edge, 
into  dark  green  schists,  differing  only  in  their  structure  from  the  cen- 
tral rock.  Four  specimens  (Nos.  11017, 11018, 11019,  and  11020)  were 
collected  to  illustrate  this  passage.  The  most  interior  and  massive  one 
(No.  11017),  although  to  all  appearances  quite  compact,  is  found  upon  a 
microscopic  examination  to  be  wholly  altered  mineralogically.  The 
bisilicate  constituents  are  now  represented  only  by  a  light  emerald- 
green,  pleochroic  mineral,  which,  in  spite  ot  its  comparatively  strong 
action  upon  polarized  light,  is  probably  chlorite.  This  frequently  con- 
tains sharp  epidote  crystals.  The  feldbpar,  while  retaining  much  of  its 
original  form,  is  composed  either  of  a  gray,  opaque  saussorite  or  of  a 
fine  mosaic  of  quartz  and  albite  grains  and  a  great  deal  of  calcite. 

The  extremely  altered  condition  of  the  central  portion  of  this  core  is 
perhaps  rather  advantageous  than  otherwise,  for,  while  there  can  be  no 
doabt  as  to  its  original  character,  the  transition  to  the  schists  is  seen  to 
take  place  wholly  by  a  change  in  structure,  without  further  mineral- 
ogical  alteration. 

No.  11018,  taken  from  a  place  where  indications  of  a  schistose  structure 
are  already  quite  apparent,  shows  just  the  same  mineral  components  as 
tiie  last.  The  chlorite  scales,  however,  have  assumed  a  decidedly  par- 
allel arrangement,  which  is  followed,  to  a  less  extent,  by  the  fine  mosaic 
of  quartz  and  albite  grains.  The  calcite  is  better  crystallized,  and  forms 
larger  individuals.  There  are  also  present  some  minute  scales  of  a  deep 
red  iron  oxide,  probably  gothite,  or  limonite.  The  gray  saussurite  is 
likewise  common. 

No.  11019,  in  which  the  schistose  structure  is  still  more  apparent, 
shows  the  same  components  as  the  others.  The  parallel  arrangement 
of  the  chlorite  is  still  more  pronounced  and  the  calcite  still  better  crys- 
tallized. Strangely  enough,  we  meet  here,  in  a  very  schistose  rock, 
better  preserved  feldspar  crystals  than  can  be  found  in  the  more  massive 
greenstone,  with  which  it  is  so  intimately  connected.  This  is  but  one 
more  instance  of  the  remarkable  rule  set  down  on  p.  88,  and  alluded 
to  several  times  already.  This  thin  section  (No.  11019)  exhibits  feldspars 
80  well  preserved  that  only  occasional  epidote  crystals  are  developed 
in  them.  There  is  also  to  be  seen  a  remarkably  good  example  of  the 
change  of  pyrite  to  iron  hydroxide. 

No.  11020  represents  the  extreme  member  of  this  series.  It  is  a  typical 
chlorite  schist,  in  which  alternating  and  interlacing  areas  of  pale  green 
chlorite  and  a  fine  quartz  albite  mosaic  may  be  seen.  In  both  a  highly 
developed  schistosity  is  produced  by  the  parallel  arrangement  of  the 
components.  The  grain  of  this  rock,  in  so  far  as  it  is  due  to  these  alter- 
nating areas,  appears  somewhat  coarser  than  in  the  less  altered  forms» 
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The  chlorite,  if  it  be  examined  with  a  higher  magnifyiog  power,  is  seen 
to  be  filled  with  irregular  spots  of  a  reddish  brown  color,  which  feebly 
polarize,  and  seem  to  be  the  remains  of  former  feldspar  crystals.  Batile 
in  grains  or  sharp  crystal  forms  is  also  present 

The  fine  mosaic  which  composes  the  other  areas,  contains,  in  addi- 
tioQ  to  the  quartz  and  albite  grains,  calcite  and  chlorite  in  small,  elon- 
gated scales. 

A  careful  field  examination  shows  conclusively  that  the  four  speci- 
mens here  described  (Nos.  11017  to  11020),  represent  only  dififereat 
forms  of  the  same  rock.  In  fact,  the  mineral  composition  is  identical 
for  all,  although  the  most  massive  form  is  beyond  all  doubt  an  altered 
diabase,  while  the  exterior  bands,  which  surround  this  core  are  just  as 
truly  examples  of  a  typical  chlorite  schist. 

Ko.  11048  is  a  specimen  of  the  massive,  dark  green  rock  which  has 
been  blas};ed  out  behind  the  shanty  on  the  Michigan  side  of  Lower 
Quinnesec  Falls.  A  microscopic  examination  shows  at  once  that  this 
rock  was  originally  a  diabase,  although  its  present  constituents  are 
for  the  most  part  secondary.  The  shapes  of  the  original  minerals  are 
indistinctly  outlined,  and  so  the  structure  of  the  rock  is  preserved. 
There  is  now  present  a  pale  green  hornblende,  probably  secondary  to 
pyroxene,  although  no  traces  of  this  mineral  are  preserved ;  epidote, 
chlorite,  saussurite  and  leucoxene  in  zones  around  the  titanic  iron. 
The  feldspar  has  rarely  changed  to  the  opaque,  gray  saussurite,  bat  is 
replaced  for  the  most  part  by  a  mass  of  sharply  defined  epidote  crys- 
tals. Where  the  feldspar  and  hornblende  have  jointly  contributed  to 
the  formation  of  secondary  products,  we  have  the  chlorite  epidote 
Aggregate  as  a  result.    A  little  secondary  quartz  is  also  observable* 

The  two  remaining  specimens  examined  from  Lower  Quinnesec  Falls 
(Nos.  11101  and  11102)  were  collected  on  the  Michigan  side  of  the  river 
above  the  fall,  from  two  points  designated  by  u  and  w  respectively  on 
M^or  Brooks's  map.  They  exhibit  in  a  marked  degree  the  effects  of 
stretching  upon  massive  greenstones.  If  a  rock  mass  were  subjected 
to  a  great  lateral  pressure  when  it  was  tiree  to  expand  in  a  direction 
])erpendicnlar  to  that  in  which  the  pressure  acted,  it  would  appear  as 
though  it  had  been  subjected  to  a  strain  or  tension  in  the  direction  along* 
which  it  was  free  to  move.  There  would  be  a  breaking  and  pulling  oat 
of  the  individual  minerals  into  parallel  bands  along  the  line  of  expan- 
sion or  apparent  stretching.  This  phenomenon  is  very  admirably  dis- 
played in  these  two  specimens. 

No.  11102  is  the  coarser  grained  of  the  two  rocks  and  shows  its  struct- 
ure best  when  the  microscopic  section  is  examined  with  a  pocket-lens. 
Its  appearance,  as  seen  under  a  low  power  of  the  microscope,  is  por- 
trayed in  PI.  XI,  fig.  2.  One  of  the  most  important  of  the  original 
constituents  of  this  rock  was  a  triclinic  feldspar  in  large  sized  indi- 
viduals. These  are  now  fissured  in  a  direction  normal  to  the  stretch- 
ing and  their  fragments  are  separated  in  a  most  striking  manner.    The 
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interstices  are  filled  with  long,  chlorite  scales  arranged  perpendicular 
to  the  walls  of  the  fissures;  more  rarely  calcite  replaces  this  chlorite. 
Here  again  we  have  clear  evidence  that  the  chemical  change  in  the 
fddspars  of  rocks  which  have  been  subjected  to  great  mechanical  action, 
is  comparatively  slight.  The  feldspars  of  this  rock  are  scarcely  altered 
except  by  being  broken  or  crnshed. 

The  grains  of  original  quartz  in  this  rock  have  suffered  the  usual  de- 
formation, being  rarely  broken  but  more  frequently  in  a  state  of  ten- 
sion which  imparts  to  them  an  nndulatory  extinction. 

Very  finely  fibrous,  dark  green  aptinolite  is  quite  abundant,  repre- 
senting some  other  bisilicate  constituent  (either  pyroxene  or  compact 
hornblende)  all  traces  of  which  have  now  disappeared.  The  fibers  are 
sometimes  parallel  over  considerable  areas,  sometimes  crowded  together 
into  a  eonfased  and  matted  mass.  They  themselves  show  no  evidence 
of  pressure  and  hence  must  have  originated  during  the  action  of  the 
pressure  or  subsequent  to  it.  The  former  is  the  more  probable  and  the 
pressure  may  have  been  the  very  cause  to  which  the  hornblende  owes 
its  origin,  as  I  suggested  in  a  former  paper.^ 

None  of  the  constituents  displays  the  effects  of  the  stretching  action 
to  which  this  rock  has  been  subjected  more  distinctly  than  the  ilmen- 
ite.  This  mineral  is  abundant  in  grains  of  considerable  size,  all  of 
which  have  been  irregularly  fissured  in  a  direction  transverse  to  the 
tension  and  the  fragmentsseparated,  exactly  like  those  of  the  feldspar.^ 
(See  PI.  XI,  fig.  2.)  The  absence  of  leucoxene  around  these  grains  may 
indicate  that  in  this  case  also  the  chemical  action  is  inversely  propor- 
tional to  the  mechanical. 

No.  11101  is  a  very  similar  rock  of  a  finer  grain,  in  which  the  effects 
of  stretching  are  not  so  apparent.  We  therefore  find  the  chemical  al- 
taxation  of  the  feldspar- proportionately  greater.  This  mineral  is  not 
80  much  broken  as  in  the  specimen  last  described,  but  it  is  filled  with 
secondary  crystallizations  of  chlorite  and  epidote.  The  ilmenite  is 
broken  and  stretched  in  the  manner  described  in  the  preceding  speci- 
men, though  to  a  less  degree.  The  separated  ilmenite  fragments,  how- 
ever, in  this  case  present  a  contrast  to  the  others,  in  having  leucoxene 
quite  abundantly  developed  around  them.  The  hornblende  of  this 
rock  is  both  brown  and  green ;  each  variety  is  dark  colored  and  in- 
tensely pleochroic  Most  of  it  is  fibrous,  the  fibers  following  in  their 
arrangement  the  general  direction  of  the  foliation. 

Um.  Jonr.  Soi.,  3d  soriea.  Oct.,  1884,  vol.  28,  p.  260. 

'A.  Sobenck  ddaeribee  and  figures  exftotly  this  phenomenon  in  the  schistose  diabases  of  the  upper 
Bvbr  VaDey.    InaBgnral  DiasertatioD,  Bonn,  1884,  p.  55, 
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CHAPTER  III- 

GREENSTONE  BELTS  OF  THE  MENOMINEE  DISTRICT— (Continued). 

UPPER  OB  BIO  QUINNESEO  FALLS. 

About  3^  miles  above  Lower  Quinnesec  Falls,  described  iu  the 
preceding  chapter,  the  course  of  the  Menominee  River  is  again 
interrupted  by  extensive  rock  exposures,  which  skirt  the  banks  for 
nearly  2  miles.  The  upper  mile  of  this  distance  is  a  high,  rocky  gorge, 
known  as  the  "Horse  Race,"  through  which  the  water  rushes  and 
tumbles  in  a  foaming  rapid.  The  current  then  flows  more  quietly 
through  a  broader,  though  still  rocky  channel,  for  half  a  mile,  when 
it  suddenly  plunges  over  a  fall  of  considerable  height  and  beauty,  known 
as  Upper  or  Big  Quinnesec.* 

Below  this  fall  the  stream  broadens  into  a  wide  basin,  which  is  also 
bonlered  by  rocky  shores. 

The  continuous  exposure  of  Upper  Quinnesec  Palls  is,  therefore, 
separable  into  three  naturally  distinct  divisions.  These  divisions  are, 
moreover,  each  characterized  by  a  different  kind  of  rock ;  a  fact  which 
serves  to  distinguish  them  almost  as  sharply  as  their  physical  confor- 
mation.   (See  map,  PI.  V.) 

The  rocks  which  are  exposed  along  the  basin  belong,  for  the  most 
part,  to  the  class  of  dark,  more  or  less  schistose  greenstones,  similar  to 
those  occurring  at  Lower  Quinnesec  Falls.  These  were  once  diabases 
rich  in  iron,  which  have  produced  amphibolitic  and  chloritic  schists  of 
a  deep  green  color. 

The  actual  barrier  at  Upper  Quinnesec  Falls  is,  on  the  other  hand,  com- 
posed of  the  light  colored  type  of  greenstone  with  a  distinctly  granular 
structure,  like  that  already  described  as  occurring  at  both  the  Sturgeon 
and  Lower  Quinnesec  Falls.  This  is  also  the  commonest  rock  for  the 
half  mile  above  the  falls,  before  the  rapid  is  reached.  It  is  deserving 
of  careful  study  on  account  of  the  transition  which  it  presents  into 
light  colored  sericite  schists. 

The  rock  which  forms  the  steep  walls  of  the  gorge  known  as  the  Horse 
Race  is  of  still  a  different  type.  It  will  receive  a  separate  treatment, 
as  it  is  quite  unlike  anything  observed  elsewhere  in  the  Menominee 
Valley. 

1  This  name  is  a  comiption  of  the  Chippewa  Bequenetee  which  ia  spelled  by  H.  Credner  in  hit  descrip- 
tion of  this  locality  as  Bekumetek.    (Neues  Jahrbnoh  fUr  Mineral.*  1870,  p.  971.) 
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Finally  bands  of  certain  acid  rocks — granites,  gneisses,  and  schistose 
porphyries— occur  in  tlie  greenstones  both  at  the  fall  and  along  the 
Horse  Bace.  They  appear  to  stand  in  the  closest  genetic  relation  both 
to  each  other  and  to  the  great  granite  area  which  lies  south  of  the  rirer 
aod  approaches  it  at  this  point  more  nearly  than  at  any  other. 

We  may,  therefore,  consider  the  rocks  of  Upper  or  Big  Quinnesec 
Falls  under  the  four  following  heads : 

(1)  The  dark  colored  greenstones  of  the  basin. 

(2)  The  light  colored  greenstones  at  the  falls. 

(3)  The  coarse  grained  diorites  of  the  Horse  Eace. 

(4)  The  acid  rocks,  both  massive  and  schistose. 

THK  DARK  COLORED  GREENSTONES  OF  THE  BASIN. 

•  At  the  lower  (eastern)  extremity  of  the  basin,  below  Upper  Quinnesec 
Falls,  is  an  exposure  of  greenstone  which  juts  into  the  river  from  the 
Wisconsin  side.  It  is  of  a  uniformly  green  color  and,  for  the  most  part, 
massive,  although  schistose  portions  are  not  infrequent,  which  have  the 
prevailing  strike,  N.  70^  W.,  and  stand  nearly  vertical.  These  schist- 
ose bands  have  in  the  field  every  appearance  of  being  secondary 
since  they  are  only  locally  developed  and  grade  imperceptibly  into 
the  massive  rock.  A  specimen  from  this  locality,  Ko.  11049,  when  ex- 
amined microscopically,  appears  to  be  very  similar  to  a  rock  already 
described  from  the  Lower  Falls  (No.  11048).  The  process  of  alteration 
there  indicated,  however,  has  here  progressed  much  further.  There  is 
every  reason  to  believe  that  this  rock,  like  the  other,  was  once  a  diabase; 
and  yet,  in  this  case,  all  traces  both  of  the  original  structure  and  of  the 
original  constituents  have  disappeared.  The  feldspar  substance  is  com- 
pletely replaced  by  a  confused  network  of  epidote  needles,  or  of  these 
mixed  with  chlorite;  some  rather  compact,  green  hornblende  still  re- 
mains, but  this  mineral  is  rapidly  disappearing,  and  the  manner  in 
which,  jointly  with  the  feldspar,  it  furnishes  the  materials  out  of  which 
the  chlorite-epidote  aggregate  is  formed  is  here  very  instructively  dis- 
played. In  fact,  no  other  rock  showeil  this  characteristic  form  of  altera- 
tion as  well  as  this  one,  and  it  was  therefore  selected  to  furnish  the 
illustration.  (See  PL  XI,  fig.  1.)  The  titanic  iron  is  here  in  the  form  of 
small  grains,  accompanied  by  leucoxene.^ 

On  the  southern  or  Wisconsin  side  of  this  basin  there  are  no  more 
important  exposures  of  the  dark  colored  greenstones.  On  the  Mich- 
igan side,  however,  such  exposures  are  abundant  and  have  been  in- 
dicated on  Maj.  Brooks's  map  as  the  points  z,  aa,  bbj  and  cc.^ 

Two  suites  of  spe<;imens  collected  at  these  points,  one  by  Prof.  Irving 

•  Slide  Xo.  931  of  the  collection  of  the  Lake  Superior  Division  of  the  TJ.  S.  Geological  Survey  was 
prc>|isi«d  from  a  specimen  collected  by  Prof.  R.  D.  Irving  west  of  the  above,  among  the  light  colored 
grenwtODCs.  It  h»  of  great  intereat  in  this  connection  hccausc  its  feldspar  is  quite  well  preserre<l  and 
•bowt  in  a  most  unmistakable  manner  the  ophitio  atnicture  of  the  diabaHen.  In  other  respects.  e«j)ec- 
iaHjT  in  the  character  and  abundance  of  the  epidote-chloritc  aggregate,  it  is  quite  identical  with  No. 
110». 

•G«ol.Wl8Con»iii,vol.3.  P1.3,p.  474.  .      r^,^^l^ 
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and  the  other  by  the  writer,  were  studied.  The  rocks  all  exhibit  the 
effects  of  extreme  loechanical  action  upon  their  constituents,  which  has 
so  far  obliterated  their  original  structure  as  to  render  their  true  char- 
acter doubtful.  They  agree  in  being  composed  of  different  proportions 
of  a  much  crushed  and  altered,  reddfsh  brown  feldspar  and  a  pale  green 
mass  consisting  of  chlorite  and  quartz.  The  latter  aggregate  is  of  sec- 
ondary origin  and  imparts  a  cleavage  to  the  rock,  since  the  chlorite 
flakes  are  ail  arranged  in  one  direction. 

No.  4162,  from  Prof.  Irving's  collection,  was  the  only  specimen  studied 
microscopically  from  point  z.  It  is  composed  mostly  of  feldspar,  and 
has,  therefore,  a  reddish  color.  This  constituent  is  intensely  crushed 
and  its  substance  is  so  highly  altered  as  to  appear  to  grade  imperceptibly  - 
into  the  quartz  chlorite  matrix,  which  is  present  in  small  amount  be- 
tween its  fragments.  Scattered  through  this  mass  in  the  direction  of 
its  foliation  are  long  lines  of  some  opaque  iron  oxide,  accompanied  by 
very  minute  though  sharply  defined  crystals  and  twins  of  ruUlc  (Thon- 
schiefernadeln),  like  those  represented  in  Fig.  12,  p.  100.  In  some  cases 
the  iron  oxide  is  absent,  and  these  dark  bands  may  be  seen  with  a  high 
magnifying  power  to  be  made  up  entirely  of  the  closely  clustered  rutile 
crystals. 

Nos.  4163  and  11070  are  both  from  Brooks's  point  aa,  which  he  de- 
scribes (loc.  cit.)  as  composed  of  a  "chloritic  greenstone  schist,  with 
pinkish  grains  of  feldspar  (Schalstein  \)P 

The  first  of  these  sections  belongs  to  Professor  Irving's  collection, 
and  exhibits  under  the  microscope  the  effects  of  the  crushing  and 
stretching  in  a  very  marked  degree.  Its  structure  resembles  that  of 
specimen  Nq.  11102  from  the  lower  Quinnesec  Fall,  described  on  p.  94, 
and  represented  in  PI.  XI,  fig  1.  White  and  reddish  feldspar  crystals, 
quartz  grains,  and  opaque  black  spots  of  iron  oxide  are  imbedded  in  a 
secondary  matrix  consisting  of  chlorite,  quartz,  and  epidote.  Fo  trace 
of  an  original  bisilicate  now  remains.  All  of  the  older  components, 
especially  the  feldspar  and  iron  oxide,  are  much  broken  and  their  frag- 
ments are  separated  in  one  uniform  direction  corresponding  to  the  folia- 
tion of  the  rock ;  but  yet  the  fragments  which  once  belonged  together 
can  still  be  recognized.  The  feldspar  substance,  in  spite  of  the  in- 
tense  crushing,  is  still  remarkably  fresh  and  its  twinning  striation  dis- 
tinct. Lath-shaped  forms,  like  those  of  diabase,  are  present,  though  all 
traces  of  the  original  rock  structure  have  disappeared.  The  opaque 
grains  of  iron  oxide  (magnetite)  ara  broken  and  pulled  apart  like  the 
feldspar  and  can  be  seen  with  a  high  magnifying  power  to  be  fringed 
with  minute  and  imperfectly  formed  rutile  crystals.  Sharply  defined 
octahedra  of  magnetite — evidently  of  secondary  origin,  as  they  never 
exhibit  any  traces  of  mechanical  action — are  also  scattered  through 
the  chlorite,  and  in  some  cases  these  octahedra  are  crowded  together 
with  little  rutile  crystals,  both  looking  as  though  they  had  resulted  from 
the  alteration  of  some  preexisting  mineral. 
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No.  11070,  collected  by  tbe  writer  from  the  same  locality  as  the  last 
(Brooks's  point  aa),  possesses  a  similar  character,  though  with  certain 
important  differences.  The  hand-specimen  is  dark  green  in  color  and 
decidedly  schistose.  Under  the  microscope  it  is  seen  to  be  essentially 
the  same  rock  as  that  last  described,  but  in  an  even  more  advanced 
stage  of  alteration.  The  fragments  of  reddish  feldspar,  which  can  still 
be  seen  to  belong  together,  are  here,  as  bef pre,  separated  in  the  direction 
of  the  foliation,  while  the  spaces  between  them  are  filled  with  chlorite 
flakes  and  qnartzgrains.  Thefeature  of  particular  interest  in  this  speci- 
men is,  however,  the  abundance  of  its  rutile  and  the  constant  and  close 
association  of  this  mineral  with  the  black  iron  oxide.  This  association, 
as  well  as  the  general  appearance  of  this  rock  under  the  microscoj)e, 
is  represented  in  PL  XIII,  fig.  2.  The  opaque,  black  grains,  which  in 
reflected  light  can  be  seen  to  be  intergrown  with  a  considerable  propor- 
tion of  pyrite,  are  surrounded  by  a  border  of  stout,  brownish  yellow 
needles,  averaging  from  0.1  to  0.05°*"^  in  length  by  from  0.02  to  0.0  P"*" 
in  width.  They  are  crowded  closely  together  and  are  often  parallel  to 
the  external  edges  of  the  grains.  Not  infrequently,  also,  they  exhibit 
a  regularity  of  arrangement,  crossing  each  other  at  angles  approaching 
60O  and  120<^.  It  will  be  readily  seen,  however,  that  in  a  random  sec- 
tion of  the  rock  it  is  impossible  to  decide  whether  these  are  exactly  the 
angles  or  whether  they  are  the  angles  54^  43'  and  65^  35'  (with  their 
supplements,  125^  17'  and  114°  25'),  which  von  Lasaulx  has  shown  are 
produced  by  the  twinning  of  rutile,  and  characteristic  of  its  network 
growth  called  as  sagenite.^  An  isolation  of  these  needles  was  made  by 
dissolving  all  the  other  constituents  of  the  rock  in  HCl  and  HF,  for 
the  purpose  of  obtaining  material  which  might  positively  decide  this 
point,  but  no  definite  results  were  obtained.  The  needles  are  for  the  most 
part  irregular  in  their  arrangement,  and  it  still  remains  uncertain  whether 
their  occasional  regularity  is  due  to  twinning  or  to  some  other  cause. 

A  chemical  examination  of  the  isolated  needles  showed  that  they  were 
comx>08ed  of  titanium  oxide,  while  their  crystallographic  and  optical 
properties  observed  under  the  microscope  proved  them  to  belong  to  the 
species  rutile. 

The  fact  that  the  black,  opaque  constituent  of  this  rock  is  traversed 
by  parallel  cracks  and  fissures,  often  in  sets  intersecting  at  an  angle  of 
GOPj  like  those  observed  in  titanic  iron,  taken  in  connection  with  the 
dose  relationship  of  the  rock  itself  to  the  family  of  diabases,  naturally 
led  to  the  assumption  that  the  iron  oxide  was  ilmenite.  Moreover,  the 
similarity  of  the  distribution  of  the  rutile  about  the  black  cores  to  that 
of  leneoxene  about  ilmenite  crystals  in  the  process  of  alteration — its 
presence  as  a  continuous  border  and  in  every  crack,  while  the  black 
substance  itself  is  quite  free  from  the  needles  ^ — seemed  further  to  indi- 

•  Zeltschr.  far  Kryst.  n.  Mln.,  vol.  8,  1884,  p.  5C. 

'Xlufl  was  shown,  not  merely  by  the  absence  of  the  lar^^or  needles  which,  if  they  were  present, 
moat  have  appeared  throngh  the  black  substance  of  tbe  iroa  oxide  in  the  thin  section,  bnt  also  by 
*fc»«tj  dhwolving  away  the  oxide  with  HCl  under  the  microscope  and  the  failure  thn«  fe)  dwclos^any 
nm»Xkr  crystalt  ol  rutile,  which  might  have  been  wholly  inclosed  within  the  bL»ck  oIMbS^^^^  ^^ 
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cate  the  secondary  origin  of  the  rutile  out  of  the  ilnienite.  This  is  the 
view  that  was  at  first  taken  by  the  writer  and  published  by  him  in  a 
letter  to  the  Neues  Jahrbuch  fiir  Mineralogie,  etc.,  1887,  vol.  2,  p. 
263.  In  a  subsequent  paper  on  the  same  rock,^  Prof.  Gathrein  of  Karls- 
rnlie  showed,  among  other  points  which  he  considered  a«  objec- 
tions to  the  secondary  origin  of  the  rutile,  that  the  black  iron  oxide 
was  not  ilmenite  at  all,  but  magnetite.  This  determination  has  since 
been  confirmed  by  a  careful  chemical  examination  made  at  my  request 
by  Prof.  S.  L.  Penfield,  of  the  Sheffield  Scientific  School  at  New  Haven. 

A  very  similar  occurrence  of  rutile  needles,  though  inferior  in  size  to 
those  here  described,  has  been  observed  by  Gathrein  in  the  leucoxene 
border  which  surrounds  both  ilmenite^  and  titaniferous  magnetite^  in 
certain  Tyrolese  rocks.  Dr.  J.  Blaas  also  encountered  the  same  kind 
of  a  network  of  rutile  crystals  in  a  quartz  phyllite  from  the  neighbor- 
hood of  Innsbruck,  but  in  this  case  it  was  unaccompanied  by  any  opaque 
ore/  In  none  of  the  instances  observed  by  him  does  Gathrein  consider 
the  rutile  as  even  possibly  a  secondary  product  On  the  other  band, 
he  thinks  that  the  little  needles  were  formed  simultaneously  with  the 
ilmenite  or  magnetite,  and  that  they  have  always  existed  in  their  pres- 
ent form  within  the  iron  oxide,  until  more  or  less  completely  liberated 
by  the  solution  and  removal  of  the  latter. 

In  his  article  on  the  Quinnesec  rock  above  cited,  none  of  the  points 
insisted  upon  by  Gathrein  appear  to  militateagainst  the  secondary  origin 
of  the  rutile,  except  the  last.  As  has  been  stated  above,  it  is  impossi- 
ble in  a  random  section  to  determine  with  certainty  whether  the  nee- 
dles intersect  at  angles  of  exactly  60^  and  120°,  or  at  those  so  nearly 
like  them  produced  by  twinning.  But  whichever  be  true,  it  is  certain 
that  a  large  majority  of  the  needles  are  quite  irregular  in  their  arrange- 
ment. The  discovery,  however,  that  the  black  iron  oxide  which  ac- 
companies the  rutile  is  not  ilmenite  but  a  magnetite  almost  free  from 
titanium,  seems  at  first  altogether  incompatible  with  the  idea  that  the 
rutileis  a  secondary  derivative  from  ilmenite.  Nevertheless,  a  continued 
and  repeated  study  of  a  large  number  of  thin  sections  of  this  rock  have 
served  to  convince  the  writer  more  and  more  that  the  rutile  was  at 
least  not  a  constituent  of  the  rock  in  its  original  state.  The  rutile  ag- 
gregates are  never  drawn  out  in  the  direction  of  the  stretching,  as  are 
all  of  the  original  constituents,  notably  the  feldspar,  and  as  they  must 
have  been  had  they  always  been  present  in  the  rook.  It  is  necessary, 
therefore,  to  assume  that  they  originated  subsequent  to,  or,  more  prob- 
ably,  at  the  time  of  the  metamorphism. 

The  constant  and  intimate  connection  between  the  rutile  and  the 
magnetite  clearly  shows  that  they  are  in  some  way  genetically  related. 
Opposed  to  the  supposition  that  they  were  originally  parallel  inter- 

•  Nones  Jahrbuch  filr  Mineral.,  etc.,  1888,  vol.  2,  pp.  161-165. 
•Zeitschr.  fiir  Kryat.  n.  Min.,  vol.  6,  1882,  p.  248. 

» Ibid.,  vol.  8,  1884,  p.  321.  ^ 

*  Tsohorniftk^a  min.  u.  potrog.  Mittheil.,  vol.  4, 1882,  p.  514,  AiGBOqIc 
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growths,  is,  however,  the  fact  that  the  rutile  needles  never  occur  within 
the  luaguetite,  now  present.  The  rutile  forms  a  border  around  the  black 
areas,  which  themselves  frequently  show  a  sharp  crystal  outline,  diffi- 
calt  to  reconcile  with  the  idea  that  they  have  been  partially  dissolved 
90  as  to  reveal  the  rutile  which  once  existed  within  them.  In  one  in- 
stance, indeed,  an  aggregate  consisting  of  rutile  needles  and  sharp  oc- 
tahedra  of  magnetite  was  observed,  but  this  is  exceptional.  On  the 
other  hand,  it  may  often  be  clearly  seen  that  the  magnetite  has,  to  a 
greater  or  less  degree,  been  removed  by  solution ;  but  in  all  such  cases 
the  place  that  it  once  occupied  exists  within  the  fringe  of  rutile,  but  is 
itself  wholly  free  from  the  needles.  This  space  is  often  filled  with  cal- 
cite,  or  some  similar  carbonate,  in  slightly  radiating  tufts. 

All  of  these  observations  seem  to  point  to  a  contemporary  origin  for 
both  the  magnetite  and  rutile  from  some  preexisting  mineral,  which  in 
the  present  case  may  very  probably  have  been  ilmenite. 

The  change  of  hematite  into  magnetite  is  one  which  has  been  often 
observed.  Both  ^  quotes  descriptions  of  this  alteration  from  Breithaupt, 
Volger,  Peters,  vpm  Bath,  Petersen,  Doll,  Grattarola,  and  Zeparovich. 
There  seems  to  be  no  reason  why  the  corresponding  titaniferous  com- 
poQDd,  ilmenite,  should  not  also  pass  over  into  magnetite  with  the 
separation  of  its  titanium  in  the  form  which  is  most  stable  for  the  con- 
ditions then  prevailing. 

Bntile  is  well  known  to  be  widely  distributed  in  microscopic  crystals 
through  schists  which  have  resulted  from  the  regional  metamorphism 
of  both  sedimentary  and  eruptive  rocks.  It  must  therefore  be  a  com- 
poand  well  in  accord  with  the  conditions  producing  metamorphism. 

The  common  presence  of  rutile  needles  in  diabase  rocks  which  have 
been  inteuBely  altered  by  pressure,  and  its  absence  in  their  unaltered 
forms,  in  connection  with  thS  fact  that  the  original  ilmenite  disappears 
in  proportion  as  the  rutile  is  developed,  has  inclined  such  eminent 
petiographers  as  Lessen  and  Bosenbusch  to  the  supposition  that  the 
hktter  mineral  has  originated  from  an  altei^ation  of  the  former.  This 
hypothesis  has  derived  much  support  from  observations  made  in  many 
of  the  Lake  Superior  greenstone  schists  which  are  altered  diabases. 
Id  case  of  the  particular  rock  under  discussion,  it  is  impossible  to 
prove  with  the  material  now  in  hand  that  the  magnetite  and  associated 
nitile  have  resulted  from  preexisting  ilmenite,  but  in  light  of  all  that 
we  know  of  this  and  other  occurrences,  it  seems  to  the  writer  that  such 
an  origin  is,  to  say  the  least,  not  at  all  improbable.  Whether  or  not 
8uch  an  alteration  as  that  here  suggested  really  takes  place  in  the 
ilmenite  of  diabase  when  this  rock  undergoes  dynamic  metamorphism 
to  chloritic  schists  must  remain  for  future  investigations  to  decide. 

Nos.  4164  and  4105,  from  Prof.  Irving's  collection,  show  the  same 
rock  as  the  two  specimens  last  described  in  a  yet  more  advanced  stage 
of  alteration.    Both  have  become  typical  chlorite  schists,  composed 


^AUxenieiDe  und  chemiscbe  Oeologie,  vol.  1,  1879,  p.  97.  CjOO^lC 
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mostly  of  chlorite,  qaartz,  and  iron  hydroxide.  The  Btrucfcare  is  now 
tinely  parallel  and  schistose,  not  the  least  trace  of  the  original  structure 
remaining.  In  No.  4165,  which  is  the  darker  colored  of  the  two,  leaf- 
lets of  a  colorless  mica  (sericite)  are  abundant. 

No.  11072,  collected  from  Brooks's  point  co,  is  a  dark  green  rock,  which 
is  seen  with  the  unaided  eye  to  be  traversed  by  numerous  fibrous  veins 
of  a  paler  green  color.  Under  the  microscope  the  section  of  this  rock 
shows  principally  ragged  areas  of  green  hornblende,  inclosing  isolated* 
crystals  of  a  mineral,  which  agrees  more  cFosely  in  its  physical  proper- 
ties with  zoisite  than  with  any  other ;  i.  e.,  there  are  colorless  rectan- 
gular sections  with  a  cleavage  parallel  to  the  longest  axis,  and  a  cross- 
parting  in  the  direction  perpendicular  to  this.  In  polarized  light  these 
sections  show  pale,  bluish  gray  interference  colors,  parallel  extinction, 
and  a  biaxial  figure.  The  fibrous,  veins,  which  compose  a  considerable 
proportion  of  the  rock,  are  made  up  of  zoisite  individuals  arranged 
perpendicular  to  the  walls  of  the  vein,  and  of  fibrous  hornblende,  which 
often  penetrates  the  former  mineral  in  fine  asbestiform  needles. 

THE  LIGHT  COLORED  GREENSTONE  AT  UPPER  QUINNESEO  FALLS. 

The  speckled  rock  which  forms  the  barrier  at  Dpper  Quinnesec  Falls, 
is  a  very  typical  representative  of  the  light  colored  greenstones  of  the 
Menominee  region.  It  has  a  strong  macroscopical  resemblance  to  the 
rocks  of  this  type  already  described  from  Sturgeon  Falls  and  Lower 
Quinnesec  Falls,  but  is  more  attractive  in  appearance  than  any  of  them. 
In  the  field  it  appears  to  be  a  medium  grained  aggregate  of  a  white, 
opaque  feldspar,  in  which,  however,  glistening,  striated  surfaces  are  by 
no  means  rare,  and  a  grayish  green  mineral  with  a  half  metallic  luster 
on  its  cleavage  planes.  The  deceptive  appearance  of  this  mineral  is  the 
reason  why  Prof.  Hermann  Credner  calls  this  rock  (which  he  described 
as  early  as  1870)  a  diabase  with  a  decided  resemblance  to  a  gabbro.* 

This  mineral  does,  indeed,  show  the  most  striking  macroscopical  sim- 
ilarity to  the  diallage  of  some  of  the  Volpersdorf  and  Italian  gabbros ; 
but  in  spite  of  this  fact,  the  most  careful  microscopical  examination  of 
many  different  specimens — the  freshest  that  could  be  discovered — • 
failed  to  disclose  a  trace  of  pyroxene.  This  result  is  the  more  surpris- 
ing as  the  rock  appears  even  fresher  than  that  at  Sturgeon  Falls  iu 
which  considerable  pale  diallage  still  remains.  The  microscope,  how- 
ever, shows  that  the  rock  at  Upper  Quinnesec  Falls  is  the  more  altered 
of  the  two. 

No.  11054,  collected  on  the  Wisconsin  side  of  the  river,  directly  at 
the  fall,  may  be  regarded  as  a  typical  specimen  of  the  perfectly  massive 

*  Is  RpeakiDg of  tbia  coaBtituont  he  nayn:  "  Er  [(Ut  Au,<;it]  bildot  kurzsiiuleuformige,  zu  kryatal- 
liniaclien  Partion  verwacbBene  ludtvuliieti,  uu  ileneu  orthodia^^oiialo  SpaltuBgstliichea  mit  halbtiie> 
tallischeiu  Glaozo  besoudera  deullich  borvortreteii.  Dadurch  erbiilt  daH  Gcstcin  eino  Aebulichkeit  mit 
Gabbro,  aelbat  lult  Hyperatbeait."  (Neiiea  Jahrbucb  liir  Miner.vl.,  1870,  p.  972.)  Profoasor  PunipeUy 
alao  aaya  tlmt  thia  rock  is  identical  with  that  of  Sturgeon  Fall*.    (Geol.  WiacofiaJ^^Y^jJ^^.  564.) 
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ro<;k.  Its  microscopical  appearance  is  represented  in  Plate  X,  lig. 
1.  The  hornblende  is  mostly  of  a  very  pale  color  and  more  or  less 
iibrons  iu  structure.  It  has  every  appearance  of  being  secondary,  and  yet 
in  every  case  where  it  can  be  traced  into  a  more  compact  mineral  this 
is  albo  a  hornblende  of  a  dark  green  or  brown  color.  In  many  instances 
the  hornblende  is  bent  and  curved,  as  diallage  is  so  apt  to  be  (see  right 
side  of  the  plate);  but  the  most  striking  peculiarity  of  this  hornblende 
and  the  one  most  like  diallage  is  its  very  perfect  parting,  parallel  to  the 
orthopiuacoid  (100).  This  very  unusual  feature  is  apparently  confined 
to  the  paler,  and  probably  secondary  hornblende.  It  stops  abrui)tly  on 
the  edge  of  the  compact,  more  deeply  colored  variety,  even  where  this 
is  continuous  with  the  lighter  kind  (Plate  X,  fig.  1).*  This  may  indi- 
cate that  the  paler  hornblende  is  secondary  after  diallage  and  therefore 
reproduces  its  orthopinacoidal  parting,  while  the  diallage  was  itself 
iotergrown  with  an  original  compact  hornblende  which  still  remains. 
Aside  from  its  characteristic  prismatic  cleavage,  proof  is  furnished  that 
this  mineral  is  really  hornblende  by  the  fact  that  sections  approximately 
perpendicalar  to  the  vertical  axis,  give,  in  converged  polarized  light,  a 
bisectrix  instead  of  an  optical  axis. 

The  feldspar  of  this  rock  is  largely  changed  to  opaque,  gray  saussur- 
ite.  Portions  of  it,  however,  remain  in  an  unaltered  state.  These 
have,  even  in  the  thinest  sections,  a  pale  brown  color  (PI.  X,  tig.  1), 
and  in  thicker  sections  they  are  as  dark  as  mahogany.  This  coloring 
IS  not  doe  to  inclusions  from  which  the  feldspar  is  surprisingly  free,  but 
to  some  unevenly  distributed  pigment  whose  nature  it  is  far  beyond  the 
power  of  the  microscope  to  reveal.  With  the  exception  of  this  colc^r 
the  feldspar  is  so  remarkably  fresh  and  clear  as  to  make  the  impression 
at  first  glance  that  it  must  be  of  secondary  origin.  A  slight  examina- 
tion, however,  shows  that  the  clear  brown  substance  forms  a  peripheral 
zone  about  the  saussuritized  individuals ;  or  where  the  whole  crystal  is 
unchanged,  that  it  \9  bent,  broken,  or  faulted  in  a  manner  inconsistent 
with  any  supposition  of  secondary  origin.  Here  again  we  have  addi- 
tional, and,  indeed,  most  convincing  evidence  that  the  greater  the  me- 
chanical action  to  which  the  feldspar  has  been  subjected,  the  less  chem- 
ical change  it  has  undergone.    (See  above,  p.  88.) 

The  other  constituents  of  this  rock  are  ilmenite,  surrounded  by  a  leu- 
coxene  border,  and  some  secondary  quartz,  which  is  penetrated  by  most 
delicate  fibers  of  hornblende. 

The  analysis  of  this  rock  in  column  I  of  the  following  table  was  made 
by  Mr.  B.  B.  lliggs: 


» It  is  iotereAtinj;  to  note,  in  this  connection,  tlio  recent  observation  of  Cathreiu  that  the  hornblendo 
«f  Koila  in  the  Tyrol  baa  a  perfectly  developed  parting  duo  to  very  narrow  twinniu^Iamellw  whicli  lun 
yandM  to  the  ortbopinacuid.  (ZelUchr.  fftr  Kryst.  u.  Min.,  vol;  12,  p.  12.)  Whether  the  above-men- 
tioncd  parting  i«  dao  to  the  same  cause  or  not,  it  is  impossible,  on  account  of  the  extreme  narrowness 
of  the  pMtiiig-UDes,  to  determine. 
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SllicafSiOi) \    48.35 


I 


AlaniiDa  (AlyO,) 
Ferric  oxide  (FejOj)  — 

Ferrous  oxide  (FeO) 

Llme(CaO) 

Mafncsia  (MgO) 

Soda(Na,0) 

Pota«h(KjO) 

Water  (H^) 

Carbon  dioxide  (CO,) . . . 

Total 


15. 40 

4.04 

4.a3 

10.88 

11.61 

1.87 

.35 

3.60 

.08 


100.31 


51.46 
14.35 
3.90 
5.28 
9.08 
0.54 
2.92 
.24 
3.30 
.20 


III. 

47.96 
16.85 
4.33 
4.17 
13.25 
0.15 
1.25 
.30 
2.89 
.08 


100.27  !  100.23 


Dried  at  105o. 

The  analyses  of  the  two  analogous  rocks,  Nos.  11171  (II)  from  Sturgeon 
Falls,  and  11008(111),  from  Lower  Quinnesec  Falls,  are  again  cited  from 
pp.  76  and  89,  for  comparison.  The  agreement  between  all  three  analyses 
is  as  close  as  could  be  expected  for  three  different  si>ecimens  of  the 
same  rockmass.  In  fact  it  is  diflBcult  to  escape  the  conviction  that  the 
rocks  from  both  Upper  and  Lower  Quinnesec  Falls,  like  that  from  Stur- 
geon Falls,  were  once  diallage-plagioclase  aggregates  or  gabbros ;  and 
yet  if  this  be  true,  we  are  compelled  to  assume  either  that  the  original 
diallage  passed  by  paramorphism  into  compact  brown  hornblende  be- 
fore reaching  its  present  state ;  or  that  the  original  rock  was  a  horn- 
blende gabbro  in  which  both  bisilicate  constituents  passed  finally  into 
pale  fibrous  hornblende,  although  this  process  progressed  much  more 
slowly  with  the  hornblende  than  with  the  pyroxene. 

The  feldspathic  component  of  this  rock  p^o.  11054)  is  determined  by 
the  analysis  to  be  labradorite,  as  was  also  found  to  be  the  case  in  the 
corresponding  specimens  from  the  other  localities. 

Two  other  specimens  of  this  same  rock.  No.  11061,  from  the  Michi- 
gan side  of  the  falls,  and  No.  11073,  from  a  point  above  the  falls, 
marked  p  on  Major  Brooks's  map,  are  essentially  the  same  as  the  cue 
just  described.  Both  are,  however,  more  altered  and  both  show,  in  a 
still  greater  degree,  the  effects  of  pressure  upon  the  constituent  minerals. 
In  No.  11061  a  good  deal  of  quartz  is  present,  always  penetrated  by 
delicate  needles  and  tufts  of  hornblende.  The  largest  areas  of  this 
quartz  form  a  rather  coarse  grained  mosaic  and  look  as  though  they 
had  been  deposited  as  a  pseudomorph  after  some  former  constituent. 
Some  colorless  chlorite  is  also  present  in  this  section,  having  been  de- 
rived from  the  alteration  of  the  hornblende.  The  feldspar  of  No. 
11073  is  colorless,  and  has  been  fissured,  broken,  and  even  crushed  in  a 
sur{)tising  manner.  As  aresult,  the  saussuritizat  ion  of  this  mineral  has 
hardly  more  than  commenced,  in  spite  of  the  advanced  state  of  altera- 
tion observable  in  the  hornblende.  One  hornblende  section  in  this 
slide,  cut  nearly  perpendicular  to  the  vertical  axis,  shows  a  very  sharp 
line  of  demarcation  between  the  interior,  dark  brown  portion  and  the 
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colorless  peripheral  zoue.  This  resembles  somewhat  tbe  secondary  horu- 
bleude  enlargements  recently  described  by  Van  ilise,*  but  I  can  not 
regard  this  particular  case  as  due  to  anything  but  exterior  bleaching. 

No8. 11056  and  11057,  from  the  Wisconsin  side  of  the  fall,  illustrate 
the  passage  of  this  pale  diorite  into  schistose  varieties^  as  described  at 
Lower  Qninnesec  Falls.  The  former  specimen,  though  macroscopically 
still  quite  massive,  has  lost  the  distinctness  of  its  structure.  Under  the 
microscope  this  is^seen  to  be  due  to  crushing  and'  attendant  chemical 
changes.  Tde  feldspar  is  almost  pulverized,  but  has  otherwise  un- 
dergone but  little  change.    A  few  of  the  larger  crystals  have  been  merely 

cracked  and  faulted  as  shown  in  Fig. 
11.  The  hornblende  is  very  largely 
changed  to  a  colorless  chlorite. 
Where  one  of  the  hornblende  crys- 
tals has  been  broken  and  sheared, 
chlorite  is  seen  to  have  been  devel- 
oped in  parallel  fibers.  This  fur- 
niahesan  admirable  microscopic  illus- 
tration of  how  the  schistose  bands 
are  formed  by  pressure  in  the  rock- 
mass  as  a  whole.  (See  also  Fig.  22,  p. 
128.)  Just  below  the  falls  this  rock 
becomes  broken,  gashed,  and  seamed 
with  narrow,  paraliel  veins  of  lamel- 
lar minerals.  These  gradually  in- 
crease to  bands,  which  finally  com- 
pose the  main  portion  of  the  rock.  There  can  remain  no  doubt  in  the 
mind  of  anyone  who  will  carefully  study  this  exposure,  that  these  schis- 
to«ie  bands  have  been  produced  in  the  massive  rock  by  the  action  of 
pressure,  along  lines  where  there  has  been  a  shearing  motion. 

No.  11057  is  from  one  of  the  schistose  bands  in  No.  11056.  The  micro- 
scope shows  it  to  be  composed  of  a  fine  mosaic  of  quartz  and  feldspar  (f) 
grains,  made  schistose  by  parallel  fibers  of  serpentine  and  chlorite. 

At  and  just  below  the  engine  house  on  the  Michigan  side  of  Upper 
Quinnesec  Falls  is  another  exposure  which  illustrates  tbe  gradual 
passage  of  these  light  colored,  massive  greenstones,  into  silvery,  hyflrous 
schists,  similar  to  those  described  as  occurring  just  below  Lower  Quin- 
nesec Falls. 

No.  110C5  is  a  very  light  colored,  although  nearly  massive,  rock,  seen 
in  situ  in  a  wall  behind  the  engine  house.  It  is  composed  of  much 
crushed  and  faulted  feldspar  of  the  above  described  brown  variety, 
together  with  colorless  isotropic  chlorite.  There  is  also  some  of  the 
quartz  albite  mosaic,  though  this  is  not  abundantly  developed,  with  a 
little  iron  oxide.  There  is  no  parallelism  in  the  arrangement  of  the 
coustituents  which  would  tend  to  produce  a  schistose  structure. 


Fig.  11. — Fanlted  feldspar  crystal  io  crushed 
fSTM^nstone  (No.  11056)  from  Upper  Qainneseo 
FaUa.  Niools  crMaed;  magnitied  30  diame- 
tera. 


»  Am.  Jour.  Sci..  3il  serioH  vol.,  33,  1887,  p.  385. 
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No.  IIOOU  is  from  the  same  rock-wall  as  the  last  **[)ecimeu  and  is  uii- 
iloiibteilly  coutinuous  with  it.  It  is  decidedly  schistose,  and  is  cooi- 
I)08ed  wholly  of  a  granular  mosaic,  with  both  sericite  scales  and  a  col- 
orless chlorite.    There  are  the  finest  microscopic  rutile  crj^stals  in  this 

rock  that  were  encountered  in  any 
specimensfrom  theMenominee  region. 
These  crystals  are  simple  individuals, 
twins  and  trillings  showing  a  great 
variety  of  form.  A  few  are  repre- 
sented in  the  accompanying  figure. 
They  are  grouped  together  or  ar- 
ranged in  lines  or  strings  which  fol- 
low the  direction  of  the  schistosity. 
As  in  other  similar  instances  l>efore 
described  from  the  Lower  Falls,  tbey 
appear  to  have  originated  from  the 
alteration  of  the  ilmenite  of  the  mas- 
sive rock. 
Just  below  the  engine-house  similar 
sericite  schists  are  exposed  (No.  11067  *)  which  contain  green  chlorite  in 
spots  and  appear  to  grade  into  typical  dark  green  chlorite  schists  (No. 
11068).  These  rocks  are  mentioned  by  Major  Brooks  at  the  exposures 
marked  on  his  map  x  and  y^.  These  dark  green  schists  are  like  those 
which  originate  from  the  alteration  of  the  dark  colored  diabases,  and 
their  appearance  probably  marks  the  commencement  of  the  belt  of  these 
rocks  which  skirts  the  basin  below  the  Falls. 


Fio.  12.— KuliluncoUlfttiii  No.  1 1U5<}  magnified 
350  diamotera. 


THE  COARSE  OIUINED  DI0RITE8  OP  THE  HORSE  RACE. 

The  half  mile  of  comparatively  quiet  water,  navigable,  by  a  small 
boat  or  canoe,  immediately  above  the  Upper  Quinnesec  Falls  is  bordered 
mostly  by  massive  or  schistose  greenstones  of  the  dark  type  similar  in 
all  respects  to  the  rocks  of  this  kind  which  have  been  studied  at  sev- 
eral other  localities  on  the  Menominee  Eiver.  They  are  interspersed 
with  bands  of  gneissose  rock,  identical  with  those  yet  to  be  de- 
scribed. 

The  narrow  gorge  known  as  the  Horse  Eace,  through  which  the  river 
flows  for  a  mile  or  more,  has,  however,  been  excavated  through  rocks 
of  a  quite  different  character.  These  are  for  the  most  part  coarse 
grained  diorites,  penetrated  by  bands  of  granitic  and  gneissic  rocks 
which  will  receive  special  consideration  in  the  following  section. 

Typical  specimens  of  these  coarse  grained  diorites  areNos.  11077  and 
11093  from  the  Wisconsin,  and  Nos.  11182,  11183,  11185,  and  11186 
from  the  Michigan  side  of  the  rapids. 

The  raacroscopical  appearance  of  these  rocks  is  often  that  of  an  almost 


•This  rock  wan  calloil  by  H.  Crwluer  " UUc-scluHt "  in  1800  <Zeitnchr.  DeutucU.  geol.  Ci^ell..  voL 
21,  p.  529).  It  was  de«»cribed  in  1876  by  Wicbinaiin,  who  gives  seven  reagona  for  regarding  the  »cricite 
schiuta  08  of  frasinental  origin.    (Geol.  Winconsiu,  vol.  3,  p.  638.)    ^  ,,    (     r\r\n\c> 
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uuifonnly  gray  iuaiss,  in  which  ^he  large  and  frequently  glistening  horn- 
blende crystals  are  not  at  first  glance  very  apparent.  This  color  is  due 
to  the  alteration  of  the  feldspar,  in  which  new  minerals  are  largely  de- 
veloped. An  opaque,  white  feldspar,  or  rather  saussurite,  is,  however, 
often  visible.  This  is  sometimes  in  the  form  of  rounded  or  oval  areas 
which  represent  the  centers  of  crystals  that  have  turned  gray  around 
their  edges;  sometimes  in  the  form  of  the  original  feldspar  crystals 
themselves,  and  again  in  sharp  contrast  with  the  dark  green  horn- 
blende. The  grain  of  these  rocks  varies  extremely,  but  is  rarely  fine. 
The  form  of  the  different  constituents  is  always  visible  to  the  naked 
eye;  and,  in  some  instances  (No.  11192),  these  measure  from  one  to 
two  inches  in  diameter. 

Aside  from  the  unusual  coarseness  of  their  grain,  the  rocks  of  the 
Horse  Race  differ  from  the  other  greenstones  of  the  Menominee  in  fre- 
quently containing  biotite.  Another  striking  contrast  is  presented  in 
the  almost  universal  presence  of  talc.  This  mineral  has  without 
doubt  originated  from  the  hornblende,  and  has  wandered  from  it 
into  the  feldspar.  It  is  scattered  everywhere  through  the  rock  in 
minute,  silvery,  glistening  scales,  and  it  coats  all  cracks  and  fissures. 
The  surface  of  the  hornblende  crystals  is  also  frequently  spotted  with 
it  The  nature  of  this  mineral  as  talc  is  easily  determined  by  both  op- 
tical and  chemical  means.  Under  the  microscope  it  is  of  a  pale  green 
color,  resembling  muscovite  in  its  cleavage  and  brilliant  interference 
colors,  but  with  a  small  optical  angle  and  negative  character.  It  is 
infusible  and  not  attacked  by  acids,  while  microchemical  tests  show 
that  it  is  destitute  of  both  alumina  and  alkalies. 

The  structure  of  the  Horse  Race  rocks  is  that  of  the  second  kind 
mentioned  by  Rosenbusch  as  occurring  iu  diorite,^  i.  e.,  that  conditioned 
by  the  feldspar  having  crystallized  before  the  hornblende.  The  latter 
component  is  plainly  allotrimorphic,  like  the  pyroxene  in  diabase, 
while  the  feldspar  has  a  well  developed  form  of  its  own.  (PL  XIT, 
fig.  2.)  The  hornblende,  although  comparatively  compact  and  homo- 
geneous over  considerable  areas,  nevertheless  conveys  the  impression 
of  being  of  secondary  origin.  It  has  a  pale  green  color,  slightly  darker 
towMil  the  edge,  and  is  externally  frayed  out  into  a  fringe  of  radiat- 
ing actinolite  fibers,  which  wander  along  the  cracks  in  the  feldspar. 
(No.  11L86 ;  see  PL  XII,  fig.  2.)  In  some  sections — notably  in  No. 
11185_large  portions  of  the  hornblende  have  become  wholly  changed 
to  a  felt-like  network  of  minute  fibers.  These  characters,  together 
with  the  shape  of  the  hornblende  individuals,  convey  the  impression 
that  they  have  been  derived  from  pyroxene.  While,  therefore,  it  is 
impossible  to  prove  it  with  certainty,  it  is  difficult  to  escape  the  con- 
viction that  these  rocks  were  originally  coarse  grained  gabbros  or 
diabases. 

The  feldspar  shows  in  almost  every  instance  a  broad  twinning  stria- 


» Mikrot.  PhyHiog.,  2a  c<l.,  vol.  2,  p.  121. 
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tioi),  although  this  is  more  or  loss  obscured  by  chemical  chauges.  Id 
one  specimen  (No.  11182)  there  is  a  brown  feldspar  which  is  perfectly 
preserved  around  the  periphery  of  the  crystals,  while  their  interior  is 
changed  to  saossurite.  lu  other  cases  (Nos.  11093  and  11185)  the  feld- 
spar is  largely  changed  to  saussurite,wi  th  which  is  mingled  a  good  deal  of 
actinolite  and  some  biotite.  In  the  latter  case  clear  areas  of  brilliantly 
polarizing  talc  are  quite  abundant  In  Nos.  11077  and  11186  the  white 
or  colorless  feldspar  is  comparatively  well  preserved,  but  it  is  filled  with 
pale  green  actinolite  needles  and  some  little  biotite,  which  appear  to 
have  wandered  into  it  from  the  hornblende.  In  these  rocks  the  amount 
of  sanssurite  is  inconsiderable. 

Brown  biotite  is  not  infrequently  an  important  constituent  of  these 
rocks.  It  is  especially  abundant  in  No.  11077.  Although  sparingly 
scattered  through  the  feldspar  like  the  actinolite,  it  is  mainly  to  be 
found  in  close  association  with  the  hornblende,  with  which  or  out  of 
which  it  seems  to  have  been  developed  by  secondary  processes. 

Other  specimens  represent  exceptional  varieties  of  the  Horse  Race 
diorites. 

No.  11091,  from  the  Wisconsin  bank  of  the  stream,  shows  the  feld- 
spar wholly  changed  to  a  compact  aggregate  of  epidote  grains.*  The 
hornblende,  which  is  in  sharp  crystals,  presents  its  usual  appearance 
and.  characteristics.  The  epidote  is  so  light  colored  that  it  might 
easily  be  mistaken  at  first  glance  for  feldspar  in  the  hand-specimen. 
The  microscope,  however,  at  once  shows  its  true  character.  The  inter- 
ference colors  of  the  closely  interlocking  grains  present  a  brilliant 
appearance.  Ko  trace  of  the  original  feldspar  remains.  Only  an  occa- 
sional grain  of  calcite  or  quartz  interrupts  the  continu  ity  of  the  epidote. 
Epidote  is  not  an  unusual  secondary  product  in  feldspar,  although  such 
perfect  psendomorphs  of  this  mineral  as  are  here  present  are  rare.^ 

Still  other  specimens  show,  in  a  marked  degree,  the  effects  of  dy- 
namic metamorphism  upon  the  Horse  Race  rocks.  No,  11189,  from  the 
head  of  the  rapid,  on  the  Michigan  side,  has  a  pronounced  gneissic 
structure.  Its  hornblende  is  of  the  usual  character,  sometimes  in  com- 
pact crystalloids  of  large  size,  sometimes  in  a  fibrous  aggregate,  but 
almost  always  much  twisted,  bent,  or  broken.  The  feldspar,  in  some 
instances,  is  completely  changed  te  an  aggregate  of  epidote  crystals,  as 
in  the  rock  last  described;  in  others,  it  merely  has  minute,  highly  re- 
fracting epidote  grains  more  or  less  abundantly  developed  in  it  (saus- 
suritization).  These  are  often  accompanied  by  rhombic  dodecahedra 
of  a  colorless  garnet.'  Other  of  the  feldspar  individuals  show  a  me- 
chanical rather  than  a  chemical  alteration.    There  is,  in  some  cases,  a 


'  A  not  unaanal  alteration  according  to  Hotli :  Allgemeino  und  cbemischo  (veologio,  vol.  1, 1879,  p.  331. 

*C'oh('u  mentions  such  a  perfoct  transforroaliou  of  feldspar  toopidoto  in  the  diorite  wbicb  forms  thu 
bnHc  of  the  ittland  Palma.  Neues  Jahrbuch  fUr  Mineral.,  1876,  p.  751.  KosoubiiHch  also  menlious  them 
in  diorites  from  the  Vosges  Mountains.    Mikroa.  Physiog.,  2d  wl..  vol.  2,  p.  103. 

"Koaeubusch:  Mikros.  Thysiog.,  2d  ed.,  vol.  2,  p.  136.  Paul  Michael  finds  one  of  the  two  varie- 
tiea  of  sausaurite  in  the  gabbro  of  Wojaleite,  Fichtelgebirgo,  composed  of  a  lime-alumina  garnet  aad 
serpentine.    Nones  Jahrbucb  fUr  Mineral.,  1888,  vol.  1,  p.  39. 
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peripheral  granulation  (randliche  kataklase)  producing  the  "mortar 
stractare'^  (Mortel-Structur  of  Toruebohm).  In  other  cases  there  is  a 
eomplete  reduction  of  the  whole  feldspar  crystal  to  a  granular  mosaic, 
whileiu  still  others  there  is  only  a  separation  into  large,  interlocking, 
and  bat  slightly  disturbed  areas.  Fine  veins  of  epidote  not  infrequently 
traverse  these  feldspar  crystals.  A  point  of  mineralogical  importan(!e 
connected  with  this  rock  is  the  evidence  it  affords  of  the  alteration  of 
ilmenite  into  sphene.  The  usual  alteration  product  of  this  mineral, 
leacoxene,  is  now  generally  believed  to  belong  to  this  species,  but  it  is 
rare  to  find  the  crystalline  form  of  the  sphene  so  typically  developed  as 
in  this  section.  The  mineral  is  of  a  grayish  brown  color  and  nearly 
opaque,  like  the  secondary  leucoxene  which  surrounds  ilmenite.  It 
lH>larizes  with  dull  colors,  but  there  is  no  mistaking  its  nature  on  ac- 
count of  its  characteristic  form.    (PI.  XIII,  fig.  1.)* 

No.  11078,  collected  on  the  Wisconsin  side  of  the  river,  just  below 
the  Horse  Race,  is  perfectly  continuous  with  No.  11077,  above  described, 
and  represents  a  phase  of  this  rock  produced  by  the  action  of  intense 
pressure.  The  hornblende  is  almost  wholly  changed  to  an  aggregate 
of  weakly  polarizing  fibers,  which,  according  to  the  descriptions  of 
Bosenbusch,  are  perhaps  best  regarded  as  of  a  serpentinous  nature. 
These  twine  in  and  around  the  feldspar  so  as  to  produce  a  sort  of 
^Flaser"  structure.  The  feldspars  themselves  are  sometimes  reduced  to 
a  mc^aic ;  but  sometimes  they  have  only  a  peripheral  granulation.  Much 
of  the  biotite  of  the  unaltered  rock  remains  among  the  alteration  prod- 
acts  of  the  hornblende.  The  iron  ore  has  been  drawn  out  into  sinuous 
stringers  which  follow  the  direction  of  the  foliation. 

No.  11191  waa  taken  from  a  wavy  schistose,  chloritic  band  on  the 
Michigan  side  of  the  Horse  Kaoe.  It  has  a  strike  30^  E.  of  N.,  and 
traverses  a  coarse  grained  massive  greenstone,  into  which  it  passes  by 
insensible  gradations.  In  this  rock  there  is  considerable  hornblende, 
which  is  seen  in  the  process  of  transformation  to  a  fibrous,  yellow  ser- 
pentine. The  feldspar  is  of  the  reddish  brown  variety  and  has  under- 
gone granulation  around  the  edge.  This  has  been  accompanied  by  the 
production  of  quartz  and  calcite.  In  a  large  area  of  the  latter  mineral 
there  are  crystals  of  a  substance  whose  exact  nature  could  not  be  de- 
termined. It  has  the  bluish  interference  colors  of  zoisite,  a  parallel 
extinction  and  a  biaxial  interference  figure.  It  is  also  changing  to  the 
same  yellow  serpentine  as  the  hornblende.  The  sepentine  penetrates 
and  traverser  it  as  it  does  crystals  of  olivine.  Chlorite  is  also  a  frequent 
component  of  this  rock. 

Nos.  11080  and  11195  are  exceptionally  fine  grained  greenstones,  the 
former  from  the  foot  and  the  latter  from  the  head  of  the  Horse  Eace. 
Both  are  composed  essentially  of  actinolite,  feldspar,  quartz,  and  epi- 
dote, and  resemble  in  their  microscopical  appearance  and  structure  the 

*Soh«ick  observed  the  titanio  iron  entirely  replaced  by  sphene  in  a  schistose  diabase  from  the 
upper  Bnbr  Valley.    luaogural  Dissertation,  Bonn,  1884,  p.  57. 
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typical  so-called  "  crystalline  schists."  Still  the  former  is  massive  aud 
cuts  across  the  strike  of  schistose  rocks  like  a  dike,  while  the  latter  is 
decidedly  schistose.  No.  11195  contains  minute  and  sharp,  dark  brown 
sphene  crystals,  which  appear  to  have  originated,  like  those  in  No. 
11!  89,  from  the  alteration  of  ilmenite. 

THE  ACID  ROCKS  OF  UPPER  QUINNESBC  FAJLLS  AND  THE  HORSE  RACE. 

Among  the  rocks  to  be  found  in  the  neighborhood  of  the  Upper  Qnin- 
nescc  Falls  and  Horse  Race  are  those  of  an  acid  type.  They  occur  in 
bands  of  varying  width,  which  generally,  but  not  always,  conform  to 
the  foliation  of  the  greenstones.  These  acid  rocks  are  sometimes  mass- 
ive granites  without  a  trace  of  schistose  structure  j  sometimes  gneisses 
with  a  "Flaser^  or  '*Augen''  structure,  and  sometimes  finely  banded  and 
schistose  rocks  like  the  Saxon  granulites.  Whenever  these  bands  show 
any  indications  of  schistose  structure  this  seems  to  be  conformable  to 
the  cleavage  of  the  adjoining  greenstones,  without  reference  to  what 
the  direction  of  the  band  itself  may  be.  Inasmuch,  however,  as  these 
two  directiofas  generally  coincide,  it  is  not  common  that  the  foliation  of 
the  acid  bands  makes  any  angle  with  their  sides.  Such  instances  were 
nevertheless  occasionally  found,  and  they  have  a  very  important  bear- 
ing on  the  genesis  of  these  rocks  aud  on  their  relation  to  the  green- 
stones which  surround  them. 

An  inspection  of  the  published  geological  maps  of  the  region  sonth 
of  Lake  Superior^  will  show  that  immediately  south  of  the  portion  of 
the  Menominee  River  under  discussion  there  is  an  enormous  area  of  a 
typical  granite.  Major  Brooks,  in  his  report  on  the  Menominee  dis- 
trict, thinks  that  this  granite  may  very  possibly  be  of  .eruptive  origin, 
but,  whether  so  or  not,  that  it  certainly  overlies  and  penetrates  ("in 
veins")  the  upper  members  of  the  greenstone  series.*  Since,  however, 
he  regards  the  greenstones  as  occupying  the  upper  portion  of  the  Hu- 
ronian  formation,  he  is  compelled  to  assume  that  the  granile  represents 
its  youngest  member  and  hence  he  designates  it  as  the  "Huroniau 
granite."    (See  profile,  Fig.  2.) 

Without  entering  in  this  place  into  a  discussion  of  the  stratigraphical 
relationships  of  these  rocks,  it  may  at  least  be  stated  with  certainty 
that  this  granite  does  penetrate  the  greenstones  in  the  form  of  dikes 
and  apophyses,  especially  where  the  main  mass  approaches  nearest  to 
the  river.  This  point  is  about  half  a  mile  south  of  the  Horse  Race,  as 
may  be  seen  by  Major  Brooks's  section  and  map  of  this  region  \  Here 
the  typical,  coarse  grained  and  somewhat  porphyritic  granite  appears 
in  a  high  ridge. 

The  adjacent  greenstones  and  greenstone  schists  do  not  here  materi- 
ally differ  from  those  at  Upper  Quinnesec  Falls.    They  strike  nearly  east 


'Geol,  Wisconsin,  vol.  3,  atlas.  PI.  XXVni;  Mod.  U.  S.  Gool.  Survey,  vol.  5,  PI.  I;  Fifth  Ann. 
Rppt.  U.  S.  Geol.  Survey,  PI.  XXII. 
i'Geol.  WIscoiiBiii,  vol.  3,  pp.  452.  531,  719.  'Ibid.,  PI.  Ill,  p.  472. 
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and  west  and  dip  to  the  south.  Near  the  granite  contact  they  are  filled 
with  dikes  of  all  sizes,  evidently  offshoots  from  the  main  granite  mass 
(Nos.  11105  to  11107),  These  dikes,  when  small,  are  fine  grained  and 
felsitic,  but  when  larger  their  texture  is  coarser  and  they  have  fre- 
qaently  a  well  developed  schistose  structure  parallel  to  that  of  the  ad- 
joining schists.  After  a  careful  examination  of  this  locality  and  of  the 
exposures  between  it  and  the  river,  there  is  no  doubt  in  the  writer's 
mind  that  the  granite,  ^'Augen gneiss,"  biotitic  gneiss,  and  schistose 
porphyry  (or  **pori>hyroid,"  as  Credner  calls  this  rock)  visible  near  the 
Upper  Quinnesec  Falls  and  along  the  Horse  Race,  are  also  dikes  or 
aphophyses  connected  with  the  main  southern  granite  area.  The  schis- 
tose or  banded  structure  of  these  rocks,  when  such  exists,  is  a  secondary 
feature,  produced  by  the  same  dynamic  agencies  which  rendered  the 
greenstones  themselves  schistose. 

Ad  intelligent  study  of  these  acid  rocks  should  begin  with  an  exami- 
nation of  the  massive  granite  from  the  large  area  south  of  the  Menominee. 
No.  11104  was  collected  near  the  contact,  about  half  a  mile  south  of  the 
Horse  Bace,  where,  after  appearing  in  numerous  dikes  in  the  green- 
stone, the  solid  mass  of  granite  appears  in  an  abrupt  wall,  trending  N. 
80^  E.  This  rock  appears  in  a  hand-specimen  to  be  a  typical,  coarse 
grained  granitite,  with  a  decided  tendency  to  a  porphyritic  structure. 
The  latter  feature  may,  however,  be  due  to  the  nearness  of  this  locality 
to  the  contact.  When  examined  under  the  microscope,  the  macroscopic 
diagnosis  is  found  to  be  correct  and  several  additional  points  of  interest 
are  brought  to  light.  The  oldest  constituents  are  zircon  and  apatite; 
both  quite  abundant  in  the  form  usual  in  granitic  rocks.  Iron  oxide 
seems  to  be  almost  absent  as  an  original  constituent,  though  it  is  found 
in  some  of  the  altered  micas.  The  biotite,  the  only  mica  present,  is  not 
abundant.  It  is  invariably  bleached  to  a  green  color  by  the  reduction 
of  its  iron  to  the  ferrous  state.  It  contains  abundant  inclusions  of  apa- 
tite, zircon  (around  which  are  pleochroic  aureoles),  and  some  secondary 
magnetite.  No  trace  of  either  hornblende  or  pyroxene  was  observed. 
Sphene,  however,  is  present,  as  are  also  a  few  sharp  crystals  of  a  dark 
grayish  blue  tourmaline.  The  principal  interest  of  this  rock  attaches  to 
its  feldspar  and  quartz.  They  together  make  up  nearly  the  whole  mass 
and  exhibit,  in  a  remarkable  degree,  the  effects  of  pressure.  The  feldspar 
is  of  three  kinds :  normal  plagioclase  (oligoclase),  unstriated  orthoclase, 
aod  microcline.  The  relationship  of  these  species  of  feldspar  is  a  sug- 
gestive one.  Both  the  oligoclase  and  the  orthoclase  are  always  altered 
to  a  fine  micaceous  or  kaolinitic  product  which  is  particularly  abundant 
in  the  center  of  the  crystals,  a  zone  of  the  unaltered  mineral  being  often 
preserved  around  the  edge.  The  microcline,  on  the  other  hand,  almost 
never  shows  any  indication  of  alteration. 

It  is  always  clear  and  fresh  in  appearance,  but  its  twinning  lamelloB 
are  bent  or  curved  and  bear  every  sign  of  having  been  secondarily  de- 
veloped.'    In  other  words,  we  have  here  again,  in  the  writer's  opinion, 

'Rosenbnach,  Miltros.  Thysiog.,  2d  etl.,  vol.  2,  p.  2f|^^jtjzed  by  CjOOQIC 
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a  strikiDg  example  of  the  mechanical  action  apparent  in  the  fekUpar,  be- 
ing inversely  proportional  to  the  chemical  action  which  has  gone  on  in  it. 
Original  orthoclase  has  been  converted  partly  into  kaolin,  partly  into 
microcline,  according  to  the  way  in  which  the  action  of  tbe-force  mani- 
fested itself.  The  effect  of  the  force  which  acted  npon  this  rock  is  also 
apparent  in  other  ways.  The  large  original  feldspar  crystals  show  a 
peripheral  granulation  (see  Chapter  I,  p.  49),  and  where  they  have  been 
fissnred  their  cracks  are  filled  with  a  new  crystallization  of  plagioclase, 
orthoclase,  and  quartz.  None  of  these  minerals  shows  any  signs  of 
chemical  alteration  and  microcline  is  never  to  be  found  among  them. 
Thus  is  produce<l  a  good  example  of  what  Tornebohm  has  called  a  mor- 
tar structure  (*'Mortel-Structur")i.  In  this  secondary  cement-like  ag- 
gregate, a  micropegmatitic  intergrowth  of  quartz  and  feldspar  is  quite 
common,  and  calcite,  in  good-sized  individuals,  is  by  no  means  rare. 

The  original  quartz  of  this  granite  also  shows  many  indications  of 
having  been  squeezed.  The  crystals  or  grains  often  have  an  undulatory 
extinction,  w^hiie  larger  grains  are  broken  and  the  fragments  are  more 
or  less  displaced.  Proof  that  these  were  not  originally  different  grains  is 
given  in  section  No.  11104,  where  a  small  tourmaline  crystal  is  broken 
and  faulted  just  at  the  contact*  (See  Fig.  13).  No.  11105  is  a  speci- 
men of  the  prevailing  rock  near  the 
granite  contact.  This  is  a  hornblende 
schist,  composed  mainly  of  irregular 
grains  of  dark  green  hornblende  and 
quartz.  There  are  beside  some  stri- 
ated and  some  unstriated  feldspars, 
a  little  sphene  and  an  abuudance  of 
extremely  sharp  and  clear  epidote 
crystals.  The  banding  of  this  rock 
is  caused  by  the  preponderance  of 
hornblende  in  some  layers  and  of 
quartz  in  others.  Its  strike  is  nearly 
east   and  west  and  its  dip  75^  to 

FIG.  13.-Brokentonmiallnocry«Ul  proving  ^QO  tO  the  SOUth.  Under  the  micrO- 
tho  secondary  fracture  of  the  inclosing  quartz  SCOpC  all  Of  the  COnStitUCntS  by 
grain,  -Horse  Race"  granite.    No.  11104.  ^j^^.^,  ^^tremC  freshUCSS  and  freedom 

from  all  inclusions  convey  the  impression  of  being  secondary  crystal- 
lizations. The  texture  of  the  rock  is  granular,  although  the  epidote 
is  present  either  in  exceedingly  sharp  crystals  (which  often  pass 
unbroken  from  one  quartz  grain  into  another)  or  in  much  more 
minute,  ovoid  granules,  forming  the  little,  highly  refracting  particles 
which  are  so  common  in  the  crystalline  schists.  No.  11107  was 
taken  from  one  of  the  wider  of  the  numerous  acid  dikes  which  pene- 

»N&graordofn  granit  och  gnois.  Gcol.  Fiiren.  Stockholm  Forhandl.,  1880-'81,  vol.  5,  p.  233,  (rof. 
Nenes  Jahrbnch  fur  Mineral.,  1881,  vol.  2,  Rcferate,  p.  51;  and  llosenbuscb,  Mikros.  Physlog.,  2d  ed., 
vol.  2,  p.  42.) 

'Compare  Dr.  Chelius's  remarks  on  the  Hessian  granite-porphyries,  Notizblatt  des  YereioB  filf  Erd. 
kundo  >a  D.nD.tadt,  1883.  ^  ^.^^^^^  by  L.OOg  IC 
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txftte  the  last  described  hornblende  schist  in  the  neighborhood  of  the 
granite  contact.  It  has  a  decidedly  gneissic  structure  parallel  to  the 
banding  of  the  inclosing  schist,  which  is  here  also  the  direction  of  this 
hand  or  dike.  The  microscope  shows  that  the  mineral  composition  of 
this  rock  is  identical  with  that  of  the  coarse  granite  (No.  11104). 
There  is  the  same  zircon,  sphene,  and  tourmaline  associated  with  the 
biotite,  feldspar,  and  quartz.  The  differences  are  the  gneissic  structure, 
fineness  of  grain  and  absence  of  all  porphyritic  structure  in  the  dike 
rock,  while  none  of  its  constituent  minerals  show  the  chemical  altera- 
tion which  has  progressed  so  far  in  the  massive  granite.  Both  the 
biotite  and  the  feldspar  are  quite  fresh,  the  rich  brown  color  of  the  for- 
mer contrasting  with  green  and  bleached  mica  above  described. 

After  the  foregoing  review  of  the  character  of  the  acid  rocks  at  and 
near  the  granite  contact,  we  are  in  a  uduch  better  condition  to  under- 
stand the  occurrence  of  the  bands  of  gneiss  and  porphyroid  near  the 
Upper  Qainnesec  Falls,  which  were  observed  by  Major  Brooks  and  Prof. 
Pumpelly.^  If  we  now  examine  some  of  the  most  typical  of  these  ex- 
posures with  care,  we  shall  find  that  they  are  quite  identical  with  the 
rocks  which  we  have  just  been  considering. 

On  the  lower  side  of  a  small  cove  which  indents  the  Wisconsin 
river  bank  immediately  below  the  Horse  Eace  there  is  a  narrow  band 
of  acid  rock  well  exposed  on  the  shore.  The  center  of  this  band  is  com- 
posed of  a  massive,  gray  colored,  porphyritic  rock  resembling  a  granite 
(No.  11082).  This  grades  on  both  sides  imperceptibly  into  a  well  char- 
acterized, fine  grained  gneiss  (Ko.  11085),  which  in  places  is  so  finely 
banded  as  to  resemble  some  of  the  Saxon  granulites  (No.  11084).  The 
foliation  of  this  exposure  is  nearly  vertical  and  seems  to  be  quite  par- 
allel to  the  sides  of  the  band,  which  itself  makes  only  a  slight  angle  with 
the  cleavage  of  the  adjoining  greenstones. 

No.  11082  was  collected  from  the  central  and  most  massive  portion 
of  this  acid  band.  Macroscopi($ally  the  rock  appears  to  be  a  typical 
granite  i>orphyry,  nor  does  the  examination  of  a  thin  section  with  the 
microscope  reveal  anything  opposed  to  this  determination.  The  follow- 
ing analysis  of  the  rock,  however,  made  by  Mr.  E.  B.  Eiggs,  shows  that 
^13  rock  is  in  reality  a  diorite : 

Silica  (SiOa) 54.83 

Alnmlna  (AI2O3) 25.49 

Ferric  oxide  (Fe-iOa)  .. i 1.61 

Fenoasoxido  (FeO) 1.65 

Lime(CaO) 6.08 

Magnesia  (MgO) 1.96 

Soda(NasO) 5.69 

Potash  (K*0) 1.87 

Water  (HiO) 1.18 

Carbon  dioxide  (CO.) 18 

Total 100.54 

»G©ol.  Wisconsin,  vol.  3,  p.  474.  ^  , ,    (     r\r\n\i:> 
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The  microscope  discloses  good-sized  crystals  of  a  striated  and  zonally 
formed  feldspar  embedded  in  a  granular  mosaic  of  clear,  colorless,  and 
unstriated  grains  associated  with  brown  leaflet  of  biotite.  Apatite, 
zircon,  and  a  reddish  pleochroic  sphene  are  also  present  in  small  crys- 
tals. In  spite  of  this  rock  showing  no  indication  whatever  of  altera- 
tion, it  contains  caloite  in  considerable  quantity.  This  mineral  appar- 
ently penetrates  and  includes  all  the  other  constituents  in  a  manner 
which  has  led  Hawes,'  Tornebohm,*  and  Chrustschoflf,^  to  regard  it 
under  similar  circumstances  as  a  product  of  the  original  crystallization. 
In  one  section  of  the  present  rock  sharply  defined  sphene  crystals  were 
observed  wholly  surrounded  by  the  calcite.  Nevertheless  the  presence 
of  this  carbonate  in  the  fresh  rock  is  to  be  explained,  as  Bosenbusch 
suggests,  by  the  filling  up  of  drusy  or  miarolitic  cavities.* 

The  rock  appears  both  macroscopically  and  microscopically  to  be  a 
granite  porphyry  with  a  microgranitic  groundmass.  The  analysis,  how> 
ever,  shows  it  to  be  largely  composed  of  a  feldspar  of  the  andesine 
series,  and  this  is  also  indicated  by  a  further  examination.  The  color- 
less grains  of  the  groundmass,  in  spite  of  their  limpid  character  and 
superficial  resemblance  to  quartz,  give  in  converged  polarized  light  the 
brush  or  hyperbola  of  a  biaxial  crystal.  In  the  Thoulet  solution  the 
colorless  portion  of  the  powder  fell  between  2.683  and  2.650,  a  large . 
proportion,  however,  being  confined  between  the  limits  2.668  and  2.C69. 
A  small  proportion  possessed  exactly  the  specific  gravity  of  quartz, 
so  that  it  is  impossible  to  say  with  certainty  whether  this  mineral  is 
present  in  the  groundmass.  The  relative  proportions  of  silica  and 
alumina,  however,  as  given  by  the  analysis,  make  this  improbable.  We 
must  describe  this  rock  as  a  very  pure  type  of  a  micadiorite  porphyry 
whose  groundmass  is  composed  of  a  mosaic  of  clear  unstriated  lime- 
soda  feldspar,  probably  andesine. 

The  two  specimens  (Nos.  11084  and  11085),  taken  from  the  gneissic 
portion  of  this  exposure,  when  seen  under  the  microscope,  closely  re- 
semble the  groundmass  of  the  diorite  porphyry  just  described.  The 
chief  diff'erence  is  in  the  banded  api>earance,  produced  by  the  parallel 
arrangement  of  the  grains,  and  especially  of  the  mica  plates.  This  is 
most  pronounced  in  No.  11084,  where  the  mica  is  collected  in  certain 
layers  and  where  there  is  also  an  alternation  in  the  grain,  some  layers 
being  coarser  and  others  finer.  Occasional  tourmaline  crystals  are 
here  associated  with  the  zircon  and  apatite.  Calcite  also  is  present,  as 
in  the  last  described  rock,  but  now  it  is  in  stringers  and  arranged,  like 
all  the  other  components,  in  the  direction  of  the  schistosity.  No.  11085, 
has  neither  the  calcite  nor  the  tourmaline.  Its  most  interesting  feature' 
is  the  presence  of  long  strings  of  minute  rutile  crystals  which  appear  to' 

» Geology  ot  New  Harapahire.  vol.3,  Part  IV -.  Mineralogy  and  Lithology,  1878,  p.  208,  PI.  XII,  Pig.  l. 
^OmKalkgranit.    Geol.  Furon  Stockholm  Forliaudl.,  vol.  3,  1876,  p.  210.    Om  Ealoitbalt  i  granitor. 
Koug.  Votensk.  ak.  ForUandl.,  vol.  5, 1881,  p.  233. 
'Bull.  Soc.  Min^-ral.  do  Franco,  vol.  8,  1885,  p.  137. 

*Mikro8.  Phyaiog.,  2d  ed.,  vol.  2,  1885,  p.  34. 
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have  originated  from  the  alteration  of  the  biotite.  No.  11079,  collected 
from  a  narrow  acid  band  slightly  east  of  this  exposure,  is  quite  ident- 
iital  in  both  composition  and  structure  with  the  two  last  mentioned 
rocks.    There  are  here  occasional  re-  ^^^^ 

mains  of  former  porphyritic  feldspar 
crystals  which  have  been  mostly  de- 
stroyed by  granulation.  Tourmaline 
is  quite  abundant,  as  are  also  flakes  of 
colorless  but  brightly  polarizing  sericite. 

It  will  be  seen  that  these  rocks  are 
quite  the  same  as  those  found  farther 
south  at  the  granite  contact.  Along 
the  whole  extent  of  the  Horse  Eace 
similar  acid  rocks  are  very  abundant. 
They  occur  in  bands  varying  from  the 
finest  seams  to  such  as  are  many  yards 
in  width.  While  these  as  a  rule  follow 
the  direction  of  the  foliation  of  the 
gieenstones,  they  by  no  means  always 
do  80.  Their  mode  of  occurrence  often 
bears  strong  testimony  to  their  intru- 
sive nature,  as  may  be  seen  from  the 
following  figures  sketched  at  the  head 
of  the  Horse  Race  on  the  Michigan  side 
of  the  river. 

Fig.  14  shows  two  bands  of  gneiss,  one  parallel  to  the  strike  of  the 
greenstones,  the  other  cutting  across  it  In  each  the  lamination  of  the 
acid  rock  coincides  with  that  of  the  greenstones,  without  regard  to  the 
sides  of  the  band.  This  would  seem  conclusive  evidence  of  the  second- 
ary nature  of  the  gneissic  structure. 


r 


Gnebs. 

Fig.  14.— Exposure  on  tho  edge  of  a  small 
cove  at  the  head  of  tho  Horse  Race.  Direc- 
tion of  tho  shading  lines  indicates  the 
strike. 


Fig.  15. — Foliated  granite  (gneiss)  intrusive  in  greenstone.    Head  of  the  Horse  Kace. 

Fig.  15  shows  a  band  of  gneiss  which  comes  to  an  abrupt  termina- 
tion in  the  greenstone  and  which  sends  out  apophyses  into  this,  as  only 
an  intrusive  dike  would  do. 
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Fiff.  16  shows  aD  irregular  area  of  gneiss  penetrating  the  greenstone. 
The  lines  in  the  drawing  indicate  the  direction  of  the  foliation.  This 
may  be  a  cross-section  of  a  laterally  intrusive  arm. 


Fig.  16.— Foliated  granito  (gneisa)  intrusivo  in  greenstone.    Head  of  the  Horse  Race. 

Many  other  exposures  might  be  selected  to  prove  the  intrusive 
nature  of  these  acid  rocks  at  the  Upper  Quinneseo  Falls^  but  the  ones 
already  cited  will  suffice  for  the  present  purpose. 

With  respect  to  their  structure,  the  acid  rocks  of  the  Upper  Quin- 
nesec  Falls  and  Horse  Race  may  be  classified  as  follows : 

I.  Porphyritic: 

Granite  porphyry,  represented  by  Nos.  11104,  11082,  11087, 

11089, 11190. 
Augen-Gneiss,  represented  by  Nos.  11184, 11193  11196. 
Schistose  porphyry,  represented  by  Nos.  11050, 11051, 11052, 

11096. 

II.  Non-porphyritic : 

Gneiss,  represented  by  Nos.  11079, 11084, 11085, 11188. 
Felsite,  represented  by  No.  11071. 

The  main  points  of  interest  will  now  be  stated  with  reference  to  each 
of  these  types  in  succession,  although  no  further  mention  will  be  made 
of  those  specimens  which  have  already  been  described,  viz,  Nos.  11104, 
11082, 11084,  11085, 11079. 

It  is  believed  that  the  distinctive  features  of  the  schistose  and 
banded  rocks  of  this  region  have  to  a  great  extent  been  produced  by 
secondary  causes.  An  original  porphyritic  structure  seems  to  have  been 
very  prevalent,  if  not  universal,  in  all  of  these  acid  dikes.  We  are  able 
to  trace  its  gradual  disappearance,  and  we  find  that  this  is  proportional 
to  the  intensity  of  the  dynamic  action  to  which  the  particular  rock  has 
been  subjected.  The  crushing  or  rubbing  of  the  constituent  minerals 
against  one  another  has  produced  a  peripheral  granulation  ("  randliche 
Kataklase").  This  has  altered  the  porphyritic  crystals  into  the  eyes 
or  "Augen"  of  the  gneisses  and  schistose  porphyries,  as  is  shown  in 
PI.  XV,  fig.  1  ;  and  there  seems  no  reason  why  its  extreme  applica- 
tion may  not  have  changed  a  porphyritic  rock  to  a  felsite, 
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Granite  potyhyry. — No.  11190,  from  the  Michigan  side  of  the  Hoi>>e 
Race,  near  its  center,  is  from  a  small  area  of  acid  rock  exposed  at  the 
water^s  edge,  which  seems  to  be  completely  surrounded  on  the  three 
other  sides  by  diorite.  It  is  porphyritic,  but  contains  a  very  large  pro- 
portion of  feldspars  (mostly  striated)  and  comparatively  little  ground- 
mass.  This  latter  is  so  arranged  as  to  produce  a  resemblance  to  the 
nuMrtar-structuref  and  thus  the  rock  approaches  No.  11104,  although  all 
of  its  quartz  is  confined  to  the^roundmass.  Biotite  is  quite  abundant. 
It  contains  fine  pleoohroic  aureoles,  and  is  frequently  bleached  to  a 
pale  green  color. 

Nos.  11087  and  11089,  both  from  the  Wisconsin  bank  of  the  Horse 
Bace,  are  decidedly  porphyritic.  A  fine  grained  granular  groundmass 
is  in  sharp  contrast  to  the  well  formed  feldspar  crystals.  These  are 
noticeable  on  account  of  their  finely  developed  zonal  structure,  which 
is  produced  sometimes  by  a  concentric  arrangement  of  inclusions,  some- 
times by  a  variation  of  composition  and  extinction  angles  in  different 
layers.  The  zonal  structure  of  the  feldspars  in  these  rocks  is  as  per- 
fect as  it  is  in  the  more  modem  andesites.  The  mica  in  No.  11087  is 
Inotite  of  the  usual  character,  but  in  No.  11089  muscovite  is  equally 
abundant,  making  this  latter  rock  a  true  granite  instead  of  a  granitite. 
Some  of  this  muscovite,  at  least,  may  be  plainly  seen  to  have  originated 
from  the  alteration  of  the  orthoclase.  In  many  cases  it  lies  in  brilliantly 
polarizing  flakes  of  considerable  size,  clustered  together  in  the  center 
of  the  orthoclase  crystals,  which  portion  always  appears  to  be  the  most 
subject  to  alteration. 

These  rocks  show  to  a  moderate  degree  the  effects  of  pressure  which 
are  most  manifest  in  the  porphyritic  quartzes.  These  are  much  dis- 
torted and  often  broken  and  granulated,  as  shown  in  PI.  XV,  fig.  2. 
It  seems  at  first  thought  strange  that 
the  harder  quartz  should  be  more  sus- 
ceptible to  pressure  than  the  softer 
fddspar^  and  yet  this  is  known  to  be 
a  well  established  fact,  as  has  been 
observed  in  Chapter  I.  The  brittle- 
ness  of  the  quartz  causes  it  to  break, 
where  the  feldspar  is  only  bent  or 
distorted,  without  rupture. 

Insomecases  the  feldspar,  as  well  as 
Uie  quartz,  shows  a  slight  peripheral 
granulation  and  passage  into  a  mosaic, 
which  can  not  be  distinguished  from 

the  groundmass.       This    is   in   all  in-         Fig.  l?.— Orthlte  in  granite.     Horee  Race 

stances,  however,  only  incipient,  while    ^^'''  ''''''''''  Magnifleci  so  diameters. 
the  main  portion  of  the  groundmass  is  an  original  feature  of  the  rock. 
In  the  granitites,  Hos.  11087  and  11190  an  unusual  constituent  is 
present.    This  is  in  sharp  crystals  of  good  size  (2  by  3»°"')  and  has  the 
eliape  of  epidote.    Its  color  is  yellowish  brown  %.gr^e^yi(is^^d[^w. 
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It  seems  to  have  uiulergonc  partial  alteration,  and  agree^s  closely  with 
the  publifthed  descriptions  of  orthite  (allanite).^  The  two  crystals  in 
section  No.  11087,  although  by  no  means  entirely  changed,  appear  to 
be  completely  isotropic,  a  peculiarity  especially  mentioned  by  Rosen- 
busch  as  not  uncommon  to  orthite.* 

Augen-Oneiss. — ^The  best  example  of  this  type  is  No.  11184,  from  the 
Michigan  side  of  the  Horse  Race.  With  reference  to  this  rock  the  fol- 
lowing is  extracted  from  the  fiel4  notes  made  in  July,  1885 : 

A  short  distance  above  the  month  of  the  Horse  Race  the  ridge  is  cnt  by  a  ravine. 
Hert*,  near  the  water's  edge,  are  some  beautifully  porphyritlc,  red,  acid  rooks,  occur- 
ring apparently  as  dikets  in  the  greenstone.  The  direction  of  these  dikes  is  quite 
irregular.  Their  width  also  varies  continually.  They  contain  a  deep  red  feldspar,  a 
white  feldspar,  and  quartz  in  porphyritic  crystals.  When  much  of  the  first  mentioned 
feldspar  is  present,  the  rock  is  very  red  ;  when  it  is  absent  it  is  gray.  Both  varieties 
may  occur  in  the  same  specimen.  These  rocks  show  £he  effects  of  pressure  very  finely. 
The  porphyritlc  crystals  form  "  Augen,"  around  which  the  gronndmass  bends.  The 
direction  of  the  banding  when  well  marked  appears  to  bo  parall  1  to  the  walls  of  the 
dikes.    The  "  Augen  "  stand  vertically. 

Under  the  microscope  the  banded  or  gneissic  structure  of  this  rock  is 
as  well  marked  by  the  lenticular  ("  Flaser^)  arrangement  of  the  mica  as  in 
the  hand-specimen.  Its  most  instructive  feature  is  the  formation  of  the 
eyes  ("  Augen  ^)  and  the  gradual  disappearance  of  the  large  porphy- 
ritlc feldspar  crystals  by  peripheral  granulation  due  to  pressure.  A 
typical  example  of  this  is  represented  in  PI.  XV,  fig.  1.  Here  it 
will  be  seen  that  a  large  porphyritic  crystal  of  triclinic  feldspar  has  been 
grat^ulated  on  two  opposite  sides,  corresponding  to  the  direction  of  the 
schistosity,  and  that  the  material  thus  formed  has  been  drawn  out  into 
a  lenticular-shaped  mass,  with  the  remaining  solid  portion  of  the  feld- 
spar as  its  center.  This  forms  the  eye  or  "  Auge"  around  which  the 
groundmass  is  seen  to  curve.  Such  a  structure  has  been  described  and 
figured  by  J.  Lehmann  ^  and  others.  It  is  important  to  observe  that  the 
secondary  granulation  has  here  produced  a  mosaic  of  much  coarser  gYain 
than  the  surrounding  groundmass.  This  corresponds  to  observations 
of  Dr.  Ghelius,  made  on  certain  Hessian  granite  pori)hyries.* 

No.  11196,  from  the  head  of  the  Horse  Bace,  on  the  Michigan  side,  is 
described  in  the  field  notes  as  "  a  typical  biotite  gneiss  with  a  wavy 
structure,  the  biotite  lamellae  (secondary  ?)  winding  around  the  porphy- 
ritic crystals  of  feldspar  and  quartz.'^  Under  the  microscope  the  ground- 
mass  is  seen  to  be  fine  grained,  and,  to  some  extent  at  least,  to  have 
originated  from  the  granulation  of  the  porphjritic  crystals,  which  ex- 
hibit this  process  in  an  admirable  manner.  Dark  brown  biotite  and 
sphene  are  common.    Zircon  and  apatite  are  also  present.    The  quartz 


'A.  Sjogren,  Geol.  Foren.  Stockholm  Forhandl.,  vol.  3.  1876,  p.  258,  TdrDebohm  Under  Vega-Expe- 
ditionen  iosamlade  bergarter.  Vega-Exped.  vetensk.  jakttagelser,  VI,  Stockholm,  l2(84,  p.  124.  Croas 
&,  ladings,  Am.  Jonr.  Scl.,  8d  seriea,  vol.  30, 1885,  p.  108. 

«  Mlikros.  Phyaiog.,  2d  ed.,  voL  1,  p.  49». 

'Untersachnngen  tiber  die  Entstehung  der  altkryataUinischRn  Schiefergeatoino.   Bonn,  1884. 

*  Notizblatt  dea  Vereina  fiir  Erdkunde  zu  Darmstadt,  4.  Folge,  6  Heft.,  1885,  quoted  by  Roaenboacb, 
Mikroa.  Phyalog.,  2d  ed.,  vol.  2,  p,  294.  f    V^ ^^  I  ^ 
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is  in  large  granular  areas.    Rows  of  iiuid  cavities  traverse  the  gniius 
and  pass  uuiuterrapte<lly  from  one  to  another. 
The  following  analysis  of  this  rock  is  also  by  Mr.  R.  B.  Riggs : 

SilicaCSiOa) 67.77 

Alumina  (AliOa) ^ 16.61 

Ferric  oxide  (FeaOa) 2.06 

Ferrons  oxide  (FeO) 1.96 

Lime  (CaO) 1.87 

Magnesia  (MgO) 1.26 

SodaCNa^O) 4.35 

Potash  (K2O) 1 2.35 

Water  (H2O) 1.69 

Carbon  dioxide  (COs) 19 

Total 100.11 

This  is  much  more  like  the  analysis  of  a  granitite  than  the  last  oi)e 
given  (No.  11082),  but  the  preponderance  of  soda  over  potash  indicates 
the  presence  of  a  large  amount  of  soda  orthoclase. 

Schistose  Porphyries  or  Porphyroids, — Just  below  Upper  Quinnesec 
Falls,  especially  on  the  Wisconsin  side,  are  good  exposures  of  finely 
schistose  acid  rocks.  They  contain  small  porphyritic  crystals  of  feld- 
spar and  quartz,  and  a  considerable  amount  of  sericite  or  hydro-mica, 
which  winds  around  these  crystals  so  as  to  produce  a  lenticular  or 
^  Flaser  "  structure.  In  color  they  present  every  shade  from  flesh  red 
to  gray. 

Uocks  of  this  general  type  have  a  wide  distribution  and  have  arrested 
the  particular  attention'  of  petrographical  investigators.  In  some  in- 
stances they  have  been  conclusively  shown  to  be  the  product  of  the 
metamorphism  of  fragmental  rocks — either  tuffs  or  true  sediments — 
while  in  other  cases  they  have  resulted  from  the  action  of  great  dynamic 
forces  upon  massive  rocks  of  a  corresponding  composition,  i.e.  quartz 
porphyries.  When  it  is  possible  to  trace  with  certainty  the  origin  of 
these  rocks  to  stratified  deposits  they  areusually  designated  asporphy- 
roids^  while  in  case  their  mother-rock  can  be  shown  to  have  been  quartz 
porphyry  they  are  usually  cMe6.  schistose  porphyries.  In  their  extreme 
development  these  two  types  are  often  petrographically  indistinguish- 
able and  they  present  an  instructive  instance  of  the  production  of  identi- 
cal results  by  the  action  of  the  same  physical  forces  upon  matter  of  the 
same  average  composition,  though  differing  widely  in  origin  and  its 
structure.' 

The  schistose  porphyries  occurring  at  Upper  Quinnesec  Falls  were 
made  the  subject  of  an  extended  paper  by  Hermann  Credner,  published 
in  1870.*  This  author  concludes  from  a  macroscopical  examination  that 
these  rocks  are  altered  sediments  which  are  interpolated  between  the 

» BolL  U.  S.  fieol.  Survey,  No.  2»,  p.  1, 

*  U«^ber  NordamerikaniBche  Scbieferporphyroide.    Nenee  Jsbrbnch  rOr  Mioeral.,  1870.  pp.  970-984. 
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(liabaBC  beds  of  the  Ui>i>er  Haronian.    He  divides  their  whole 
posiire  at  this  locality,  which  he  gives  as  300  feet,  as  follows : 

Feei. 

(b)  Weakly  scListose  orthoclase  porphyroid 50 

(o)  Typical  feldspar-paragon ite  schist 10 

(d)  Light  liesh-red  orthoclase-paragonite  schist 30 

(e)  Paragonite  schist - 15 

(f)  Lime-paragonite  schist 15 

(g)  Light  reddish  gray  schistose  porphyroid 30 

(h)  Lime-chlorite  schist 50 

(i)  Chlorite  schist 100 

Total 300 

Of  (b),  (c),  (d),  and  (e)  he  gives  the  following  analyses : 


ex- 


SiO, 

A1,0, 

Fe.0, 

MnO 

CaO 

(l>)       j       (c) 

(d) 

76.505 
7.950 
8.875 
tr.- 
0.322 
tr. 

1.025 
4.884 

(e) 

75.5 
8.6 
2.6 

66.70 
16.90 
4.70 
tr. 
tr. 

72.45 
8.85 
6,20 

tr. 

tr. 

7.2 
L2 
0.3 
3.0 
1.6 

MgO 

K,0 

ao6 

5.50 

9.24 
3.70 

N»,p 

H2O 

Total....!      100.86 

100.44 

99.001 

99.9 

In  discussing  these  analyses  Credner  finds  sufficient  proof  that  ortho- 
clase  alone  is  present,  from  the  fact  that  the  potash  increases  propor- 
tionately with  the  amonnt  of  feldspar,  and  in  the  absence  of  a  twinning 
striation  which  is  visible  to  the  naked  eye.  The  sodium  he  attributes 
entirely  to  the  mica,  which,  in  consequence,  he  names  paragonite. 
The  proof  of  sedimentary  origin  he  finds  in  the  constant  parallelism  of 
the  schist  planes  with  the  limit  between  these  rocks  and  the  adjoining 
diabase ;  and  yet  he  cannot  help  being  much  struck  with  the  alterna- 
tion of  such  widely  diverse  rocks  in  a  single  and  comparatively  thin 
complex.* 

My  studies  of  these  rocks,  both  in  the  field  and  in  the  laboratory, 
have  led  me  to  results  quite  the  reverse  of  those  obtained  by  Credner. 
Nos.  11050  to  11053  were  collected  from  the  most  typical  band,  which 
here  stands  nearly  vertical  and  strikes  20^  S.  of  E.  They  are  all  essen- 
tially the  same  in  everything  except  color.  They  contain  more  or  less 
rounded  porphyritic  crystals  of  quartz  and  a  red  or  grayish  feldspar, 
imbedded  in  a  matrix  apparently  composed  of  a  yellowish  gray,  greasy- 
feeling  hydro-mica. 

'  Die  obenorwShnte  WechscllRRerunff  Tollkomrocn  vorschicdenartigor  Geateine  als  zusammen* 
gehorigo  GHodor  ciner  wenif;  milcliti^ou  Schiohtenreihe  ist  hochst  anfliillig.  Zwischen  zwei  Lagem 
von  Biabas,  also  eluom  namentlirh  auH  Kalkfeldspath  nnd  Augit  bestehcnden  basischen  Gesteine  mit 
etwa54  Proc.  Kiesplsiiiirc  tiitt  zuniicbst  cino  Zone  von  anureD  cjuarareicbon  Kalifoldspath-KatrongUni- 
nicr  rorpbyroidcn  mit  iiber  70  Proc.  Kieselsiiure,  abor  ohne  Kalkgebalt  auf,"  etc.— Loc.  cit.,  p.  081. 
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Tbe  following  analysis  of  No.  11050  by  Mr.  11.  B.  Ili^rgs  kLows  its 
essential  identity  with  Credner's  specimen  (b).  Abnost  tlie  only  dif 
ference  is  the  smaller  amount  of  alkab,  although  the  relative  propor- 
tions remain  about  the  same.  In  Credner's  analysis  the  CaO  and 
MgO,  which  make  up  this  difference,  do  not  appear  to  have  been  deter- 
mioed. 

Silica  (SiOs) 66.69 

Alumina  (AlsOs) 16.69 

Ferric  oxide  (FcOs) 2.06 

Ferrons  oxide  (FeO) 9:5 

Lime  (CaO) 1.40 

Magnesia  (MgO) 1.15 

Soda(Na20) 2.46 

Potash  (KaO) 5.23 

Waler(H,0) 1.70 

Carbon  dioxide  (C0«) 1.42 

Total 99.73  . 

This  is  evidently  the  analysis  of  an  orthoclase  rock,  and  yet  themicro- 
soox)e  shows  that  a  considerable  proportion  of  the  porphyritic  feld- 
spars are  striated  and  trielinic,  in  spite  of  the  fact  observed  by  Cred- 
ner,  that  this  character  is  not  apparent  to  the  unaided  eye.  We  may 
therefore  reasonably  suppose  that  the  potash  exists  largely  in  the 
groundmass  and  in  the  secondary  hydro-mica,  which  is  to  be  regarded 
as  true  sericite,  and  not  paragonite  as  assumed  by  Credner. 

The  microscope  discloses  in  all  the  thin  sections  of  these  rocks  the 
typical  structure  of  a  quartz  porphyry  modified,  however,  by  the 
action  of  great  pressure.  An  idea  of  it  may  be  obtained  from  PI. 
XIV,  fig.  1,  which  represents  No.  11050.  The  fine  grained,  micro- 
granitic  groundmass  is  still  present,  inclosing  the  porphyritic  quartzes 
and  feldspars.  The  former  often  exhibit  their  characteristic  dihexa- 
liedral  form,  but  they  are  broken  and  possess  an  undulatory  extinction. 
The  feldspars  are  most  instructive.  They  possess  a  sharply  defined 
crystal  form  which,  however,  has  been  cracked  and  the  fragments  have 
been  more  or  less  separated  in  the  direction  of  the  schistosity,  while 
brightly  polarizing  sericite  scales  have  been  abundantly  developed 
in  all  the  fissures.  Sericite  is  also  abundant  in  the  groundmass,  where  it 
appears  to  have  been  formed  from  the  orthoclase.  It«  scales  are  par- 
allel throughout  the  rock,  to  which  fact  the  schistose  structure  is  al- 
most wholly  due.  The  original  biotite  of  these  rocks  is  now  entirely 
represented  by  a  pale  green  chlorite.  During  the  process  of  this  al- 
teration, iron  has  separated  in  the  form  of  opaque,  black  grains ;  and, 
in  some  instances  (11050  and  11052),  colorless  but  very  highly  re- 
fractive grains  have  been  produced.  These  sometimes  possess  a  sharp 
octahedral  form  and  are  probably  anatase,  formed  from  the  titanic  acid 
of  the  original  biotite,  as  described  by  Stelzner.*  In  and  around  this 
clilorite,  tourmaline  is  also  abundant  either  in  single  individuals  or  in 
groups  of  crystals.  Zircon  and  apatite  are  sparingly  present.  One 
, TT^o": — r; — ;u^igitizedby^QQQlC 
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Fio.  18. — Broken  zircon  crysfal  in  BcbistoBO 
porphj-ry.  Upper  Quinneaoc  Falls.  No.  U052. 
Magnified  180  diametero. 


remarkably  large  (.4  x  .04"'"»)  crystal  of  the  forraer  mineral,  which  has 
beeu  curiously  broken,  is  represented  in  Pig.  18,  taken  from  No.  11052. 

Oalcite  is  not  uncommon  and  is  al- 
ways of  a  secondary  nature.  In  Nos. 
11051  and  11053  it  forms  a  more  or 
less  compfete  border  around  tho  por- 
phyritic  crystals. 

As  already  stated,  all  four  speci- 
mens collected  from  this  locality  are 
essentially  identical.  No.  11053  is 
more  finely  schistose,  owing  to  its 
more  advanced  stage  of  alteration 
and  the  consequent  greater  produc- 
tion of  sericite.  In  spite  of  this,  how- 
ever, the  original  structure  is  still 
plainly  visible.  No.  11096  was  ob- 
tained on  the  Michigan  side  of  the 
river,  at  the  foot  of  the  Horse  Race.  It  has  a  very  pronounced  schis- 
tose structure,  und,  under  the  microscope,  appears  nearly  identical 
with  the  rocks  just  described  from  below  the  falls,  but  is  not  so  highly 
altered.  Its  biotite  is  in  its  original  fresh  state,  its  porphyritic  crystals 
are  more  intact,  and  sericite  is  not  so  abundantly  developed. 

Oneiss.'—lu  addition  to  the  nonporphyritic  gneisses  already  described, 
Nos.  11079,  11084,  and  11085  (see  pp.  114-115)  one  other  may  be  men- 
tioned,  No.  11188,  from  the  head  of  the  Horse  Race,  on  the  Michigan  side. 
This  is  apparently  a  typical  biotite  gneiss,  but  it  is  seen  to  pass  by 
gradual  transitions  into  the  hornblende  gneiss  No.  11189  (see  p.  108). 
The  microscope  shows  that  there  are  many  points  of  resemblance  be- 
tween these  two  rocks.  In  the  present  case,  although  quartz  is  abun- 
dant, amphibole  and  the  same  sphene  observed  in  No.  11189  are  frequent, 
and  the  feldspar  is  of  such  a  nature  as  to  be  subject  to  saussuritization. 
Felsite, — True  nonporphyritic  felsite  is  not  common  among  the  acid 
rocks  of  the  area  about  the  Upper  Quinnesec  Fall  and  the  Horse  Race. 
The  most  typical  specimen  of  this  class  is  No.  11071,  which  occurs  in 
narrow  bands  in  the  schistose  greenstones  below  the  falls  on  the  Mich- 
igan side  of  the  river.  This  is  a  very  compact,  flesh  colored  rock  re- 
sembling jasper.  Under  the  microscope  it  is  seen  to  be  essentially 
identical  with  the  groundmass  of  the  porphyritic  rocks  above  described; 
and  even  here  stretched  and  distorted  crystals  of  quartz  and  feldspar 
are  not  entirely  wanting,  though  they  are  rare. 

There  is,  therefore,  strong  evidence  in  favor  of  the  view  that  the  acid 
rocks  of  the  Upper  Quinnesec  region  are  of  eruptive  origin ;  that  they 
are  to  be  regarded  as  apophyses  which  diverged  from  the  granitic  mass 
to  the  sonth;  and  that  their  schistose  structure,  when  present,  is  to  be 
attributed  to  secondary  causes. 
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Tliis  evidence  inny  ho  suininariztMl  jis  follow.s: 

First.  The  structure  of  tbese  rocks,  as  revealed  by  the  microscope, 
in  spite  of  its  frequently  beini^:  disguised  by  the  action  of  secondary 
causes,  is  always  that  recognized  as  characteristic  of  massive  or  igneous 
rocks. 

Second.  There  are  present  in  these  gneissoid  bands  granitic  facics 
which  agree  exactly  with  the  rock  of  the  main  granite  area,  and  the 
bands  themselves  are  identical  with  others  near  the  contact,  which  can 
be  plainly  seen  to  be  radiating  apophyses  or  dikes. 

Third.  The  schistosity  of  these  bands  is  often  independent  of  their 
direction  and  agrees  with  the  prevailing  strike  of  the  surrounding 
greenstones. 

Fourth.  There  is  abundant  microscopic  evidence  that  the  constitu- 
ents have  been  fractured,  stretched,  and  crushed  since  their  solidiii 
ation. 

The  localities  thus  far  considered  on  the  Menominee  Eiver,  viz: 
Sturgeon,  Lower  and  Upper  Qninnesec  Falls,  contain  all  the  important 
exposures  of  crystalline  rocks,  belonging  to  what  Major  Brooks  has 
regarded  as  the  southern  of  the  two  belts  of  greenstone.  If  his  loca- 
tion of  these  rocks  is  correct,  the  members  of  the  northern  belt  appear 
upon  the  river  at  three  points,  viz:  Four-foot  Falls,  Lower  Twin,  and 
Upper  Twin  Falls,  of  which,  however,  the  two  latter  are  connected  by 
almost  continuous  rock  exposures.  These  localities  we  shall  now  pro- 
ceed to  consider  in  detail. 

POUR-FOOT  PALLS. 

The  exposures  at  this  place  are  represented,  together  with  those  at 
both  the  Twin  Falls,  upon  Major  Brooks's  map,  which  is  here  repro- 
duced in  PL  VI.  The  fall  is  hardly  entitled  to  be  so  called,  as  the 
rocks  have  formed  nothing  more  than  a  rapid  in  the  river.  Just  at 
t^e  foot  of  this  rapid  the  river  is  crossed  by  the  Chicago  and  North- 
western Railroad  bridge,  immediately  beyond  which  a  cutting  has 
disclosed  some  very  instructive  exposures  of  the  greenstones.  The 
rocks  may  be  seen  in  position  on  either  side  of  the  river  for  some  dis- 
tance above  the  bridge.  Brooks  distinguishes  upon  his  map  many 
alternating  beds  of  massive,  schistose,  and  slaty  rocks  (a  to  w  in  his 
section).  Tlie  beds  here  strike  about  S  80^  E — nearly  at  right  angles 
to  the  direction  of  the  river  at  this  point— and  yet  are  mostly  schistose 
on  the  Wisconsin  side  and  massive  on  the  Michigan  side.  This  fact  is 
indicated  on  Major  Brooks's  map  and  speaks  strongly  against  the  view 
that  the  present  foliation  is  due  to  original  bedding. 

The  rock  of  the  exposure  which  occurs  farthest  down  the  river 
(Brooks's  a)  outcrops  somewhat  less  than  a  quarter  of  a  mile  below 
the  bridge.    It  was  called  by  Wright  a  chloritic  slate,  *  and  by  Wich- 

»  Geol.  Wiscousiii,  vol.  3,  p.  712.  /      ^^^\^ 
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uiaiiu  a  phyllite.  Major  Brooks  himself  designates  it  as  a  <4igbt  bluish 
gray,  shining  clay  slate^  with  strong  cleavage  and  no  distinguishable 
bedding  planes."  ^  It  does  not  belong  to  the  rocks  now  especially  nnder 
consideration,  bat  since  it  was  studied  carefully  it  may  be  described 
here  for  comparison.  This  slate  occurs  in  a  bed,  estimated  by  Brooks 
to  be  550  feet  in  thickness,  on  both  sides  of  the  river  and  in  its  bed.  It 
strikes  nearly  east  and  west  and  dips  toward  the  north.  In  Brooks's 
c<>llection  this  rock  bore  the  number  2075;  in  the  present  collection  it 
is  represented  by  No.  11152. 

Under  the  microscope  there  are  visible  in  the  thin  section  of  this 
specimen  unmistakable  signs  of  sedimentary  origin.  Coarser  and  finer 
areas  alternate,  the  former  being  ma<le  up  of  clastic  quartz  grains, 
either  pure  or  mixed  with  iron  hydroxide  or  chlorite,  while  the  latter 
are  composed  of  an  argillaceous  substance,  filled  with  extremely  minute 
muscovite  or  sericite  scales  and  considerable  carbonaceous  matter. 
Tourmaline  needles  are  also  occasionally  seen;  and  zircon  too,  either  in 
minute,  whole  crystals  or  as  irregular  fragments  of  larger  ones,  is  not 
infrequent.  This  rock  belongs  to  the  detrital  iron-bearing  series,  the 
boundary  between  which  and  the  greenstone  schists  lies  just  above 
this  exposure. 

The  railroad  which  crosses  the  bridge  at  Four-foot  Falls  exposes  this 
same  rock  again  in  a  cutting  about  a  mile  west  of  Iron  Mountain.  A 
specimen  from  this  locality,  No.  11114,  shows  the  same  general  charac- 
ter as  the  last  described  rock,  except  that  it  is  more  crystalline. 
Tourmaline  is  present  as  before,  but  a  new  crystallization  of  biotite  has 
largely  replaced  the  chlorite.  The  carbonaceous  material  is  less  abun- 
dant and  what  remains  is  in  a  much  more  finely  divided  state.  The 
clastic  origin  of  the  rock  is  still  very  apparent  in  the  shape  of  its  quartz 
grains,  which  are  Here  mingled  with  feldspar  fragments,  both  plagio- 
clase,  microcline  and  orthoclase. 

No.  11113,  from  a  quartzite  band  intercalated  in  No.  11114,  also  con- 
tains feldspar  grains  mingled  with  the  quartz.  Zircon  fragments  are 
likewise  present  and  a  little  biotite,  which  is  no  longer  quite  fresh. 
This  latter  mineral  shows  in  a  beautiful  manner  the  development  of 
secondary  rutile  needles,  as  in  the  kersantites.* 

Before  speaking  of  the  greenstones  which  occur  along  the  river 
farther  north,  it  will  be  well  to  examine  those  exposed  in  the  railroad 
cutting  at  the  western  end  of  the  bridge.  These  rocks  are,  for  the 
most  part,  massive,  but  they  nevertheless  display  evidence  of  extensive 
crushing  and  chemical  alteration.  No.  11178  represents  the  average 
type.  This  is  of  a  light  green  color,  and  in  a  hand-specimen  quite 
aphanitic.  Both  macroscopically  and  microscopically  it  resembles  the 
massive  greenstones  so  abundant  in  and  representative  of  the  region 
south  of  Marquette  (see  PI.  X,  fig.  2).  Miueralogically  there  is  hardly 
a  trace  of  the  original  rock  left.    Almost  colorless  hornblende,  pale 

»Geol.  WiscoDsin,  vol.  3,  p.  475.  /      r^r^n\i> 
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green  chlorite,  zoisite,  leaooxene  aud  a  little  calcite  (all  of  secondary 
ongin)arethe  preseut  consfitaeuts;  and  yet  the  original  structure  of 
the  rqpk  is  strikingly  well  preserved.  When  viewed  with  a  com- 
paratively low  power,  in  ordinary  light,  the  outlines  of  long,  almost 
acicolar,  feldspar  crystals  are  very  apparent,  in  spite  of  the  fact  that  the 
substance  of  the  feldspar  itself  is  changed  to  chlorite  or  zoisite.  These 
OQtlines  of  former  crystals  make  a  confused  aggregate,  but  each  indi- 
vidual preserves  its  own  proper  form  (idiomorphic  in  the  sense  of  Kos- 
eubnsch).  The  angular  spaces  between  the  feldspars  produce  a  typical 
example  of  the  ophitic  or  diabase  structure,  although  no  trace  of  a  dia- 
base mineral  remains. 

But  the  exposure  is  not  throughout  as  massive  as  the  specimen  just 
described.  It  is  traversed  here  and  there  by  schistose  and  wavy  bands 
which  show  indications  of  having  been  much  crushed  and  rubbed. 
Siickensides  are  abundant  and  lenticular  fragments  fit  into  one  an- 
other so  as  to  produce  an  imperfect  sort  of  foliation.  In  other  cases, 
where  the  crushing  has  been  more  intense/  the  schistosity  is  more  per- 
fect These  bands  all  strike  a  few  degrees  north  of  west,  being  appar- 
ently conformable  to  the  slates  below  and  the  greenstone  schists  above. 
This  is  a  suggestive  fact  when  it  is  remembered,  as  observed  by  Brooks, 
that  these  slates  owe  their  lamination  to  slaty  cleavage  (a  product  of 
pressure),  which  seems  to  have  obliterated  the  original  stratification. 

No.  11179,  from  one  of  the  schistose  bands  in  the  greenstone  of  this 
cat,  shows  under  the  microscope  the  efifects  of  great  mechanical  action. 
Carving  and  interlacing  areas  of  pale  green  chlorite  and  of  a  grayish 
sabstance  (perhaps  the  remains  of  titanic  iron)  form  the  main  mass  of 
this  rock.  Thickly  scattered  through  these  are  patches  of  a  dark  brown 
sabstance,  often  showing  concentric  zones  of  a  clear,  transparent  char- 
acter. These  look  like  opal,  but  their  optical  character  shows  them  to 
be  single  individuals  of  crystalline  quartz.  Imbedded  in  this  material 
of  such  pronounced  secondary  character,  are  fragments  of  feldspar, 
which  have  been  crushed  or  broken.  These,  as  has  been  observed  so 
frequently  before,  are  less  changed  chemically  than  those  in  the  mass- 
ive rock  from  which  this  schistose  band  has  been  derived. 

Four  specimens  were  selected  to  represent  the  series  collected  along 
the  river  north  of  the  railroad  bridge.  Two  of  these  came  from  each 
side  of  the  river  and  illustrate  both  the  massive  and  schistose  bands. 

Ko.  11176  was  found  on  the  Michigan  (eastern)  side,  just  above  the 
bridge.  In  color  it  is  light  green,  and  in  structure  it  is  massive.  Under 
the  microscope  it  shows  a  pale  hornblende  in  ragged  and  irregular  indi- 
viduals, feldspar,  zoisite,  chlorite,  and  leucoxene.  Traces  of  an  original 
diabase  structure  are  still  abundant  in  this  rock.  The  feldspars  often 
perfectly  preserve  their  lath-like  form  and  their  twinning  striation,  while 
the  pale  but  compact  hornblende  occupies  the  intervening  spaces,  sup- 
plying the  place  taken  by  the  augite  in  fresh  rocks  of  this  type. 

1^0. 11175,  from  the  highest  exposure  on  the  Michigan  side  of  Fou^^ 
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foot  Falls,  is  qaite  schistose  and  of  a  mach  darker  color  than  the  last 
rock.  IJDder  the  microscope  it  is  seen  to  possess  a  mach  finer  grain 
and  to  be  composed  of  hornblende,  chlorite,  feldspar,  qnartz,  ai^  lea- 
coxene.  The  hornblende  is  for  the  most  part  pale  green,  but  that  it 
was  bleached  from  the  brown  variety  is  shown  by  the  nnmerons  com- 
pact brown  cores  which  occur  in  the  centers  of  the  paler  crystals.  The 
structure  bf  this  rock  is  purely  granular,  with  no  trace  of  the  diabase 
type  which  characterized  the  specimen  last  described.  This  fact  and 
the  indication  that  the  pale,  fibrous  hornblende  was  derived  &om  a 
compact,  brown  variety  of  the  same  mineral,  render  it  probable  that 
this  rock  was  originally  a  diorite,  composed  of  feldspar  and  brown 
hornblende,  in  which  little  or  no  pyroxene  was  ever  present.  The  horn- 
blende of  this  rock  exhibits  a  structure  quite  similar  to  that  described 
by  Becke^  and  Van  Hise'  as  due  to  a  secondary  enlargement  of  the 
crystals  in  a  solid  rock. 

The  accompanying  figure  represents  the  compact  brown  iuterior  of  a 
hornblende  individual,  more  or  less  sharply  separated  from  a  pale  green 
or  colorless  border  of  hornblende  fibers,  which  possesses  exactly  the 
same  optical  orientation  as  the  core. 

Evidence  seems  to  be  constantly  ac- 
cumulating that  various  minerals 
may  continue  their  growth  by  regular 
accretions  in  solid  rocks,  whether  mas- 
sive or  clastic.  This  fact  is  satisfac- 
torily established  at  least  for  quartz, 
feldspar^  and  hornblende.  While  not 
in  the  least  doubting  the  correctness 
of  the  conclusions  above  cited  in  re- 
gard to  the  secondary  growth  of  horn- 
blende, I  must,  however,  confess  that 
the  present  isolated  instance  appears 
to  me  hardly  to  offer  conclusive  proof 

Fig.  19. — Compact  coreH  of  hornblende  Bur-      .i..i./si  -i  ii       ji_j 

rounded  by  a  fibroua  border,  No.  11175.  aechia-      that  the  fibrOUS  hombleude  bordcr  18 

tose  fireeuHtone  from  Four-foot  Falls.  Mag-  a  sccondary  Crystalline  enlargement. 
niiied  180  diameters.  g^^j^  ^^  explanation  is  possiWc,  but 

the  appearance  can  be  equally  well  explained  in  my  judgment,  by  as- 
suming that  the  fibrous  zone  is  the  result  of  bleaching  and  fraying 
out  of  originally  compact  hornblende  crystals.  This  process  would 
naturally  commence  at  the  ends  of  the  crystals  and  develop  principally 
in  the  direction  of  the  cleavage,  as  is  here  seen  to  be  the  case.  The  only 
difficulty  with  this  explanation  is  the  sharp  line  sometimes  seen  between 
the  brown  and  the  fibrous  hornblende.  But  such  a  sharp  boundary  is 
rather  the  exception  than  the  rule. 


•'i'scberrujik's  mineral,  ii.  petrog.  Mittlunl.,  vol.  5,  1883,  ]»p.  158-59.  (cf.  Am.  Jour.  Sci.,  3d  series,  vol. 
3:{.  p.  385.  1887.) 

»  Am.  Jour.  Sci.  3d  series,  vol.  30,  p.  231,  Sept.  1885.  A.  Harker  has  also  recently  described  similar 
sccoudnrv  eulargoments  of  boiubloude  iu  a  liurublcndepicrito  from  Anglesey.  Gcol.  Mag.,  London, 
3il  series,  vol.  4,  1887,  p.  650. 

*  See  Irving  and  Van  Hiso:    Bull.  U.  S.  Gool.  Survey,  No.  8.         Digitized  by  VjOOQ  IC 
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Nos.  11142  and  11143,  taken  from  two  contigaous  bands  on  the  Wis- 
consin side  of  the  river,  abont  midway  between  the  two  points  which 
farnisbed  the  last  described  specimens,  represent  Brooks's  localities  I  and 
k  respectively.  The  first  is  schistose,  the  second  massive.  The  first 
is  a  pale  and  schistose  aggregate  of  nearly  colorless  chlorite,  light 
green  or  colorless  hornblende  fibers,  quartz  and  calcite*  The  second  is  a 
mach  darker  green  mixture  of  feldspar,  hornbleade,  chlorfte  and  leu- 
coxene.  The  first  named  of  these  components  has  frequently  its  crys- 
tal form  well  preserved,  which  betrays  the  diabase  character  of  the 
mother  rock.  The  leucoxene  in  this  section,  as  wellalso  asin  Nos.  11175 
and  11176,  often  possesses  the  sphene-like  habit  which  has  been  figured 
ftom  No.  11189.    (PL  XIII,  fig.  1.) 

THE  TWIN  FALLS. 

About  a  mile  above  the  last  described  rock  exposure  at  the  so-called 
Four-foot  Fall,  the  quiet  course  of  the  Menominee  Eiver  is  again  inter- 
rupted by  a  very  considerable  outcrop  of  greenstone.  This  is  almost  con- 
tinuous for  half  a  mile,  but  at  either  end  pf  it  the  river  plunges  over  a 
barrier  of  somewhat  harder  rock  than  usual  and  spreads  out  below  it 
into  a  sm9]\  basin.  The  two  little  water-falls  thus  formed  are  known 
as  the  Twin  Falls.  In  M%jor  Brooks's  report  they  are  included  in  the 
same  map  that  shows  the  topography  of  the  Four-foot  Fall,^  and  that 
portion  of  this  map  which  gives  the  outline  of  the  Twin  Falls  is 
reproduced  in  twice  the  scale  of  the  original  on  PI.  VI. 

AH  of  these  exposures  belong  to  the  northernmost  of  the  two  green- 
stone belts  of  the  Menominee  Iron  Basin.  This  is  much  more  uniform 
in  its  composition  than  the  southern  belt,  in  which  the  Sturgeon  and 
Quinnesec  Falls  exposures  are  located.  Its  rocks  are  altogether  of  a 
dark  green,  almost  aphanitic  type,  which,  when  they  become  schistose, 
give  rise  to  dark  chloritic  slates.  Keither  the  light  colored,  gabbrolike 
greenstone,  nor  coarse  diorites,  like  those  of  the  Horse  Bace,  nor  bands 
of  acid  rocks  occur  in  the  northern  belt — at  least,  not  at  the  localities 
where  this  crosses  the  river. 

The  homogeneous  char^ter  of  the  Twin  Falls  greenstones  is  largely 
due  to  an  advanced  state  of  chemical  alteration,  which  has  obscured 
its  original  grain. 

The  macrostructural  changes,  whereby  the  compact,  dark  green  rocks 
are  converted  from  a  massive  to  a  schistose  state,  may  be  admirably 
seen  along  the  river  banks  at  both  the  Upper  and  the  Lower  Twin 
Falls.  The  foliation  of  the  massive  and  already  chemically  altered 
rock  takes  place  in  a  somewhat  different  manner  from  that  heretofore 
described.  There  are  none  of  the  ragged  '*  cross  gashes  "  and  irregu- 
lar, gaping  seams  (see  Fig.  10,  p.  81)  which  are  so  common  at  the  expos- 
ures along  the  southern  belt.  These  seem  to  be  the  result  of  stretch- 
ing in  a  solid  or  very  nearly  solid  mass,  but  in  the  present  case  this 
process  is  hardly  apparent. 

« Geol.  WieconsiD,  vol.  3,  p.  475,  PI.  IV.         Digitized  by  CjOOQ  IC 
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The  Arst  step  toward  the  formation  of  a  schistose  stracture  in  these 
Twin  Falls  greenstones  (and  this  is  hardly  ever  absent)  is  the  division 
of  the  massive  rock  by  two  systems  of  joints,  which  stand  about  per- 
pendicular to  the  surface  and  intersect  at  a  varying  but  acute  angle. 
These  joint  systems  divide  the  mass  into  diamond  shaped  or  rhomboidal 
prisms,  the^  cross  sections  of  which  are  well  displayed  upon  the  fre- 
quent smoothly  glaciated  surfaces  of  the  rock.  The  appearanceof  such 
a  surface  is  diagrammatically  represented  in  Fig.  20, 


FiQB.  20-22  diagrams  illuBtrating  the  tranBition  from  Jointing  to  schistose  structures  in  the  green 

Htoues  at  Twin  Falls. 

As  we  approach  the  schistose  band  in  the  massive  rock  these  inter- 
lacing rhombs  become  lengthened  out  more  and  more  by  an  approxima- 
tion to  parallelism  between  the  two  systems  of  joint-planes.    (Fig.  21.) 
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These  elongated  prisms  finally  become  very  mach  extended  lenses, 
which  interlock  and  produce  a  well  developed,  wavy  or  even  parallel 
schistose  stractore  (Fig.  22).  The  almost  slaty  rocks  thus  produced, 
especially  as  seen  at  Lower  Twin  Falls,  have  a  tendency  to  break,  not 
80  much  along  a  definite  plane  as  parallel  to  a  line — i.  e.,  the  direction, 
normal  to  the  surface,  parallel  to  which  the  original  joint  planes  ran. 
It  is  difficult  to  obtain  well  shaped  hand- specimens  of  these  rocks,  but 
narrow  rhombic  prisms  of  almost  any  angle  are  easily  procured.  There 
is  an  almost  equal  tendency  to  cleave  along  any  plane  which  is  parallel 
to  the  longest  axis  of  these  prisms. 

If  the  prisms  due  to  the  original  joint  planes  were  subjected  to  a  lat- 
eral pressure  which  developed  in  them  a  cleavage  that  successively  ap- 
proached more  and  more  nearly  to  the  long  axis  as  the  prism  was  length- 
ened, this  peculiar  tendency  to  separate  along  a  line  rather  than  along 
a  plane  is  precisely  the  structure  which  we  might  suppose  would  result. 

The  strike  of  these  schistose  bands  follows  the  direction  which  bisects 
the  acute  angle  of  the  rhombic  prisms.  This  is  for  the  most  part  from 
8.  70^  to  80^  E.,  agreeing  with  the  prevailing  strike  of  all  the  rocks  in 
this  system.  There  are,  however,  many  exceptions,  where  these  schistose 
bands,  even  where  near  together,  follow  different  directions ;  for  in- 
stance, I  observed,  in  the  massive  though  jointed  rock  on  the  Michigan 
side  of  Upper  Twin  Falls,  two  schistose  chloritic  bands  quite  near 
together,  one  having  a  strike  N.  180o  B.,  and  the  other  S.  73^  E.,  while 
the  dip  of  each  was  nearly  vertical.  Such  cases  are  easily  explicable  on 
the  supposition  that  these  bands  were  produced  by  mechanical  agencies, 
bat  it  is  quite  impossible  to  reconcile  them  with  the  supposition  that 
these  bands  are  in  any  way  the  result  of  sedimentation. 

This  type  of  schistose  structure  was  also  noticed  to  a  slight  extent 
at  some  of  the  exposures  of  the  lower  greenstone  belt— notably  just 
below  Lower  Quinnesec  Falls  on  the  Michigan  (left)  bank  of  the  river 
(see  p.  84).  It  is,  however,  there  the  exception,  and  is  peculiarly  the 
characteristic  of  the  upper  belt  as  exhibited  at  the  Twin  Falls. 

LOW^R  TWIN  FALLS. 

The  development  of  the  foliation  in  the  massive  greenstone  is  also 
shown  on  a  small  scale,  partic-         ^.<<^i;^^V^i>. 
ularly  on  the  left  (Michigan)       :^^^^^'''f'>^^^ 

side    of    Lower     Twin     Falls,         '  '       '       "';  1:V^^;^^^^^^^  Massive  diabase. 

where  there  has  been  a  slight 

amOUntOfslippingalongaline      MeEs&s;iM\^s^?g«^.p  '  Schistune  diabase. 

of  jointing.    Fig.  23  gives  a  |B||^S^^WB^:  ^\ 

diagrammatic  idea  of  a  speci-  ||[^|l^HHft^^  .^6"'''^  ''^'''• 

men  observed  at  this  locality.  ^^^H^^^K  schistose  diabase. 

The  area  represented  is  about      ^IfffilRMHH^.^^         j] 
three  feet  square.     Through        ^^^^^^^^^^^^ 
the  center  runs  a  vein  of  white  ^^-^-^'<^\z^\jit''^^ 

quartz  which  has  been  depos-  y^- ^~      ^  jrio.23. 
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ited  by  infiltration  in  tbe  old  joint  seam.  On  the  edges  of  this  the  rock 
is  perfectly  schistose  and  cbloritic,  bat  it  passes  gradaally^  in  the  space 
of  a  few  inches,  into  the  massive  aphanitic  greenstone,  which  composes 
almost  all  of  this  exposure.  Fig.  24  represents  a  polygonal  block, 
formed  by  the  jointing  of  tbe  massive  greenstone,  which  has  been 
frayed  out  into  a  perfectly  foliated  chlorite  schist  by  a  slipping  move- 
ment against  the  adjoining  blocks. 
The  extensive  chemical  alteration  which  has  gone  on  in  this  green- 
stone seems  to  render  it  peculiarly  sub- 
ject to  such  a  fraying  out  into  a  chloritio 
schist.  This  change  takes  place  in  cases 
where  a  fresher  and  harder  mass  would 
have  received  only  a  slickensides. 

The  Twin  Falls  greenstones  are  in- 
teresting, in  view  of  the  macrostructoral 
alterations  which  they  exhibit.  Miner- 
alogically  they  are  all  so  much  decom- 
posed that  they  present  but  little  which 
is  determinable  under  the  microscope. 
The  least  altered  specimen  collected 
I  Is  ITo.  11140,  from  the  east  side  of  the 
Lower  Fall.  Together  with  the  speci- 
I  mens  shown  in  Figs.  23  and  24,  it  came 
from  a  steep  wall  of  massive  and  but  little 
jointed  greenstone,  which  rises  abruptly 
from  the  water's  edge.  Diamond  jointed 
and  somewhat  schistose  rocks  of  the 
same  sort  occur  on  the  north  (No.  11139) 
and  fissile  chloritic  slates  (striking  W.  of 
K  and  dipping  70^  to  the  north)  to  the 
south  of  it.  Under  the  microscope  this 
massive  rock  is  found  to  be  a  confused 
aggregate  of  pale  green,  somewhat  fib« 
rous  hornblende,  feldspar  remnants,  and 
leucoxene,  which  possesses  a  sphene-like  habit  and  rarely  shows  any^ 
trace  of  its  original  ilmenite.  The  clearer  areas,  which  represent  the 
former  feldspar,  are  now  so  filled  with  actinolite,  zoisite,  and  epidote 
needles,  that  nothing  regarding  the  former  character  of  this  mineral  can 
be  learned.  In  this  rock  secondary  biotite  is  also  quite  abundantly 
developed,  as  was  found  so  often  to  be  the  case  in  the  Russian  metamor- 
phosed diorites  described  by  Inostranzefi'^  The  original  structure  of 
this  rock  is  now  disguised  almost  beyond  recognition,  but  it  seems  to 
have  partaken  more  of  the  granular  nature  of  a  diorite  than  of  the 
ophitic  nature  of  a  diabase. 
No.  11132,  taken  from  the  continuation  of  this  mass  on  the  opposite 

'Studien  Uber  metam.  Gest,  etc.,  1879,  pp.  81,  82, 109-113, 
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side  of  the  river,  is  essentially  ideDtical  with  it,  bat  in  it  the  form  of  the 
.  original  feldspars  is  better  preserved.  These  may  often  be  seen  in 
well  formed,  lath-shaped  crystals,  which,  in  spite  of  their  extensive  sans- 
saritization,  still  retain  distinct  traces  of  their  plafirioclastic  twinning 
striae.  This  rock  also,  in  distinction  from  the  one  last  described,  con- 
tains some  chlorite  but  no  biotite. 

These  rocks,  like  so  many  others  of  the  Menominee  Eiver  greenstones, 
are  representative  examples  of  the  type  called  by  Gumbel  "  Bpidiorit," 
which  is  now  generally  conceded  to  be  an  altered  form  of  diabase.^ 

The  rocks  into  which  these  least  altered  forms  pass  are  representative 
chlorite  schists  and  slates ;  and  there  can  be  no  donbt  that  these  latter 
have  also  resulted  from  the  extreme  effects  of  those  metamorphic  agen- 
cies which  changed  the  eruptive  diabase  to  the  epidiorite. 

No.  11130,  collected  just  below  No.  11132,  and  grading  imperceptibly 
ioto  it,  is  a  schistose  rock,  composed  of  bright  green  chlorite,  finely 
granular  quartz  and,  perhaps,  second- 
ary albite.  The  leucoxene  in  this 
rock  is  particularly  interesting.  It 
Rtill  retains  small  ilmenite  cores  in 
places,  but  it  is  broken  and  pulled 
oat  in  the  direction  of  the  schistosity. 
A  very  considerable  portion  of  this 
leacoxene,  especially  around  the  edge 
of  the  grains,  is  composed  of  highly 
refractive  and  brightly  polarizing,  al- 
though extremely  minute,  colorless 
crystals.  These  have  an  octahedral 
habit  and  resemble  anatase  (Fig.  25), 

which,    as    both    Diller'  and    Kosen-         Pig.  25.— Anatase  derived  from  ilmenlte.  No. 

baach=»  have  shown,  sometimes  origi-    J"^:  *^°*  *^*  ^^^"^  ^^°  *'^"-  ^''^^^ 

'        .  **         180  diameters. 

nates  from  the  alteration  of  ilmenite 

(of.  also  Nos.  11050  and  11052  p.  121).    Biotite  also  occurs  in  small  quan- 
tities in  this  rock. 

At  the  northwestern  corner  of  the  basin,  below  the  Lower  Twin  Fall 
(see  map  PI.  VI),  the  rock  is  rhomboidally  parted  and  weathers  to  a 
browuish  color.  In  spite  of  its  massive  appearance  it  possesses  a  latent 
tendency  to  cleave  along  the  longest  diagonal  of  the  rhomboidal  prisms, 
and  this  tendency  is  intensified  by  weathering.  Toward  the  east  this 
rock  (No.  11128)  passes  graduaUy  into  corresponding  slates  (No.  11129). 
Under  the  microscope  these  two  rocks  are  seen  to  be  in  all  respects  the 
eqaivalents  of  Nos.  11132  and  11130,  above  described.  Their  main  dif- 
ference consists  in  their  being  richer  in  iron,  which  has  oxidized  and 


•Cf.  Rosenbusch:  Miltros.  Physios;.,  2d  ed.,  vol.  2,  p.  205. 
»N«iH»  Jahrbuch  fUr  Mineral.,  1883,  vol.  J,  p.  191. 

■Mikros.  Pbysiog.,  let  ed.,  voL  2, 1577,  p.  336;  ad  ed.,  vol.  1,  1885,  p.  332,  cf.  also  Sohenok;  Inaagurol 
I>iMertation,  Bonn.,  1884,  p.  25. 
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stained  the  rocks  brown.  Ko.  11128  still  retains  mach  hornblende,  feld- 
spar, and  ilmenite,  and  the  diabase  strnctare  is  still  apparent  in  places. 
No.  11129  is,  like  its  counterpart  No.  11130,  a  chlorite  schist  with  the 
hornblende  replaced  by  chlorite,  the  feldspar  by  a  qnartz  albite  mosaic, 
its  lencoxene  drawn  out,  and  its  structure  wholly  changed. 

Perhaps  the  most  altered  rock  of  any  encountered  at  the  Lower  Twin 
Fall  is  No.  11139,  which  was  one  of  the  chloritic  slates  on  the  Michigan 
side  of  the  river  below  the  massive  rocks.  This  is  a  very  fine  grained 
aggregate  of  pale  green  chlorite,  quartz,  or  quartz  albite  mosaic  and 
biotite,  the  latter  constituent  being  sparingly  present.  Sharply  defined 
crystals  of  tourmaline  are  also  abundant  in  this  rock. 

UPPER  TWIN  FALLS. 

At  the  Upper  Twin  Fall  the  same  massive  greenstones  with  a  rhom- 
boidal  parting  prevail,  ev  erywhere  traversed  by  more  or  less  schistose 
bands.  No.  11133  is  the  massive  rock  from  the  left  or  Michigan  side 
of  the  fall.  It  is  much  altered  chemically,  but  preserves  its  original 
structure  almost  perfectly.  When  examined  by  a  low  magnifying  power 
there  is  seen  a  network  of  light  colored,  lath  shaped  feldspar  forms, 
which  are  almost  acicular,  like  those  of  a  porphyrite.  Between  these 
is  an  allotriomorphic  mass  of  a  dark  gray  substance,  representing  the 
former  augite,  or  possibly  a  glassy  base.  When  examined  more  care- 
fully with  a  higher  power,  the  feldspar  is  found  to  be  completely 
replaced  by  a  mixture  of  pale  green  chlorite  and  brown  biotite  in  the 
closest  relationship,  while  in  them  an  occasional  crystal  of  zoisite  is 
imbedded.  The  darker  interstitial  mass  is  composed  largely  of  fibrous 
hornblende  in  shreds  or  confused,  matted  masses,  but  these  are  mingled 
with  much  impure  and  indeterminable  matter. 

Two  schistose  bands  have  already  been  mentioned  on  p.  129  as  travers- 
ing this  rock  in  different  directions.  Of  these,  the  one  striking  S.  73^  E. 
is  the  less  schistose,  and  is  represented  by  specimen  No.  11135.  Though 
much  more  altered  than  the  last,  there  are  here  also  occasional  unmis* 
takable  traces  of  the  same  ophitic  structure.  The  representative  of  the 
other  band,  No.  11134,  is  hardly  more  than  a  fine  schistose  aggregate 
of  chlorite,  quartz,  and  calcite,  with  only  the  faintest  indications  of  its 
original  structure,  and  yet  here  there  are  beautiful  lencoxene  borders 
around  unaltered  cores  of  ilmenite.  Narrow  veins  filled  with  a  mixture 
of  calcite  and  chlorite  traverse  all  these  rocks. 

On  the  opposite  or  Wisconsin  side  of  the  Upper  Twin  Falls  the  rocks 
are  apparently  the  same,  but  they  show,  nevertheless,  important  mi- 
croscopic diflferences.  The  massive  forms  represented  by  Nos.  11122, 
11125,  and  11126,  collected  at  different  points  between  the  falls  and 
the  bridge,  are  fine  and  confused  aggrega|:es  of  pale  green,  fibrous  horn- 
blende, chlorite,  zoisite,  quartz,  lencoxene,  J^nd  occasionally  (No.  11122) 
^  little  biotite.    All  of  these  minerals  are  of  secondary  origin  and  in 
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the  process  of  their  formation  most  of  the  traces  of  the  former  rock- 
stmcture  have  been  obliterated.  Snch  traces  as  still  remain  indicate 
that  the  mother-rock  was  a  diabase,  but  there  are  seen  none  of  the  long, 
aeicalar  feldspar  forms^  discovered  in  the  rocks  from  the  opposite  side 
of  the  river. 

The  schistose  bands  interlaminated  with  these  rocks  are  qnite  like 
those  already  described.  One  of  these,  however,  Ko.  11123,  obtained 
directly  beside  the  falls,  shows  almost  the  only  evidence  of  fragmental 
origin  anywhere  observed  in  the  Menominee  greenstones.  This  con- 
tains irregular  and  angnlar  fragments  of  quartz  and  a  slightly  altered 
feldspar  of  considerable  size.  These  are  imbedded  in  a  matrix  of  irregu- 
lar grain,  composed  of  chlorite,  calcite,  quartz,  and  opaque  iron  oxide, 
which  is  accompanied  by  leucoxene.  The  chlorite  scales  often  have  a 
radially  divergent  arrangement  around  the  larger  included  fragments 
of  quartz  and  feldspar. 

Thin  section,  No.  11122,shows  the  contact  of  this  schist  with  the  mass- 
ive rock.  This  contact  is  so  sharp  as  to  lend  much  additional  proba- 
bility to  the  idea  that  in  this  case  the  two  rocks  are  of  different  origin. 

Bocks  of  this  kind  are  to  be  regarded  as  diabase-tuffs,  similar  to  those 
which  are  so  largely  developed  around  Marquette,  and  which  are  to  be 
described  in  the  sequel.  It  is  easy  to  see  how  essentially  the  same  ma- 
tmdXj  whether  produced  as  volcanic  ash  or  as  a  massive  rock,  when 
sabjected  for  a  long  period  to  the  action  of  the  same  metamorphosing 
forces,  woald  give  rise  to  masses  which,  in  certain  cases,  could  not  he 
distinguished  from  one  another.  This  is  undoubtedly  true  of  many 
occurrences  on  the  Menominee  Eiver,  and  hence  we  can  speak  with  cer- 
tainty only  of  those  instances  where  sufficient  of  the  original  structure 
is  preserved  to  do  away  with  all  doubt.  Between  undoubted  massive 
rocks  rendered  schistose  by  pressure  on  the  one  hand,  and  fragmental 
toffis  which  have  been  more  or  less  completely  solidified  by  the  same 
agency  on  the  other,  there  must  therefore  be  rocks  whose  original  form 
mast  always  be  uncertain. 
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CHAPTEE  IV. 

QRBENSTONE  BELTS  OF  THE  MARQUETTE  DISTRICT. 
INTBODUOTOEY. 

Ever  since  the  discovery  of  iron  in  the  northern  peninsala  of  Micbi. 
gan,  in  1844,  by  Bart  and  Houghton,  the  region  around  Marquette  bas 
received  much  attention  from  geologists.  Although  not  so  early  known 
as  the  famous  copper  district  of  Keweenaw  Point,  this  iron  region  bas 
divided  the  scientific  interest  which  was  before  felt  in  the  copper- 
bearing  rocks. 

Douglass  Houghton,^  Locke,'  Foster  and  Whitney,'  Whittlesey/ 
Kimball,'  Oredner,*  Brooks,^  Wright,®  Wadswortb,*  Bominger,^®  and 
Irving  ^^  have  studied  the  general  relations  of  the  deposits,  while  micro- 
scopical descriptions  of  some  of  the  rocks  have  been  given  by  Julien,^* 
Wright,*^  Wichmann,"  Pumpelly,"  Wadsworth,"  and  Irving." 

The  city  of  Marquette  is  situated  on  the  south  shore  of  Lake  Supe- 
rior, about  midway  between  the  C/arp  Biver  and  the  promontory  known 
as  Presqu'  Isle,  between  which  points  (a  distance  of  about  4  miles)  the 
lake  shore  runs  nearly  north  and  south.  The  city  for  the  most  part 
lies  within  the  square  mile  designated  as  Sec.  23,  T.  48  K,  B«  25  W., 
Michigan. 

An  excellent  idea  of  the  topography  of  this  region  and  of  that  ex- 
tending for  18  miles  back  of  it  (i.  e.,  westward  from  the  lake)  may  be 
obtained  from  the  large  colored  map  prepared  by  Dr.  G.  Bominger.^^ 

>  Brooks,  OeoL  MicbigaD,  toL  1, 1873,  p.  18. 
>6eol.  Michigan,  vol  2, 1873.  p.  280. 

'Senate  Docs..  1st  session,  30th  Con/a^ss,  1847-'48,  II,  Doc.  2.  Report  on  the  Geology  and  Topog- 
raphy of  the  Lake  Snperior  Land  Dist.,  Part  II,  Iron  Region. 

*  Proc  Am.  Assoc.  Adv.  Sci..  1850,  toL  xiU,  part  2,  pp.  301-308 ;  ibid.,  1875^  voL  24,  part  2.  pp.  00-72. 

*  Am.  Joar.  Sci.,  2d  series,  voL  xxxix,  1805,  pp.  200-308. 
*Zeitscbr.  Deatsch.  geoL  Qesell,  toL  xzi,  1880,  pp.  510-(54. 

*  Geol.  Michigan,  vol.  1, 1873,  part  1.  pp.  1-310. 

•"Geology  of  the  Lake  Snperior  Iron  District"  in  Swineford's  History  and  Review  of  the  Copper, 
Iron.  Silver,  Slate,  and  other  Material  Interests  of  the  South  Shore  of  Lake  Sopeiior,  1870,  pp.  ua-145. 

•BnlL  Mas.  Comp.  Zool.,  Cambridge,  vol  7,  Ko.  1. 

i*GeoL  Michigan,  vol.  i,  part  x,  Marquette  Iron  Region,  1881,  pp.  1-164. 

"  Preliminary  paper  on  an  Investigation  of  the  Arohean  Rooks  of  the  Northwest ;  Fifth  Ann.  Rep. 
IT.  S.  GeoL  Survey,  1880,  pp.  181-242. 

"Geol.  Michigan,  vol  2, 1873,  Appendix  A. 

"Geol.  Michigan,  voL  2, 1873,  Appendix  C. 

>*"  Microscopical  Observations  of  the  Iron-bearing  (Horonian)  Rocks  fh>m  the  region  touth  of  Lake 
Superior,"  1876,  Geol.  Wisconsin,  vol.  3, pp,  600-658. 

"Am.  Jour.  Sci.,  3d  series,  vol.  x,  1876,  pp.  17-21. 

"Bull.  Mus.  Comp.  Zool,  vol.  7,  No.  L 

I'Bull.  IT.  S.  Geol.  Survey  No.  8,  pp.  27-30. 

»GeoL  Michigan,  voL4, 1881,  in  pocket. 


134 

*"*^  Digitized  by 


Google 


WILLLUIB.J  THE  MAEQUETTE   GREENSTONES.  135 

The  general  trend  of  both  the  drainage  and  of  the  geological  forma- 
tions within  this  area  is  toward  the  east.  The  two  main  streams  follow 
somewhat  irregular  but  approximately  parallel  (eastward)  courses  and 
empty  into  the  lake  about  four  miles  apart.  The  more  northerly  of 
these  IB  called  the  Dead  Biver ;  the  more  southerly  the  Carp. 

The  general  surface  of  this  area  rises  by  degrees  from  the  level  of 
the  lake  to  an  elevation  of  about  1,000  feet  above  the  lake.  This  sur- 
&ce  is,  however,  extremely  broken  and  hilly,  being  traversed  by  east 
and  west  ridges  composed  of  rows  of  rocky  knobs.  These  elevations  are 
never  over  two  hundred  feet  in  height  from  the  base ;  usually  they  are 
much  lower  (from  one  hundred  to  fifty  feet  or  even  less).  They  all  have 
rounded  outlines  produced  by  the  wearing  action  of  the  great  glacier, 
evidences  of  whkh  are  everywhere  apparent  in  the  smoothly  polished 
and  firequently  striated  rock  surfaces.  These  knolls  rise  from  the  even 
level  of  a  plain  produced  by  the  glacial  debris  deposited  between  them. 

An  account  of  the  general  geological  structure  of  tbe  Marquette  region 
has  already  been  given  in  Prof.  Irving's  explanatory  note  at  the  begin- 
iU0g  of  this  paper,  in  which  is  included  also  a  summary  of  the  different 
views  held  by  various  writers  with  regard  to  the  stratigraphical  posi- 
tion and  origin  of  the  rocks  of  the  greenstone-schist  area,  which  forms 
the  sohject  of  this  part  of  the  present  essay.  In  connection  with  this 
account  has  also  been  given  a  geological  map  of  the  Marquette  region, 
compiled  by  Professor  Irving  from  the  maps  of  Brooks  and  Bominger 
and  firom  original  observations  of  his  own.  (PL  I.)  It  will  not  there- 
five  be  necessary  for  me  to  present  anything  further  as  to  these  general 
matters  in  the  present  connection. 

Spedal  references  to  the  petrographical  work  of  others  on  the  Mar- 
quette mcks  will  be  made  in  the  course  of  the  following  detailed  descrip- 
tions. 

In  some  respects  the  greenstones  of  the  Marquette  area  seem  pecu- 
liariy  suited  to  throw  light  upon  the  dynamic  metamorphism  of  basic 
eruptiTes,  since  a  portion  of  these  rocks  seem  to  have  been  extruded 
both  during  imd  subsequent  to  the  action  of  the  metamorphosing 
loreeB.  Hence  we  find  the  same  eruptives  in  different  stages  of  altera- 
tion. Moreover,  fragmental  material  (tuff*)  of  the  same  nature  and 
origin  of  the  massive  rocks  is  abundantly  developed,  and  this  too 
ihows  varying  stages  of  consolidation  into  masses  which  closely  re- 
sevible  tbe  solid  rock.  This  great  variety,  while  it  is  full  of  interest 
and  soggestions  of  new  possibilities,  is  frequently  very  confusing.  It 
atbm  becomes  impossible  to  speak  with  certainty  about  the  origin  of  a 
rock  which,  on  account  of  its  many  analogies,  we  may  regard  as  hav- 
ing been  produced  in  several  different  ways. 

The  gener^  similarity  of  the  greenstone  schists  of  the  Marquette 
and  Menominee  areas  will  be  brought  out  in  the  following  pages.  It  is 
worthy  of  mention  that  the  greenstone  schists  of  both  of  these  regions 
have  a  starong  resemblance  to  some  of  the  greenstones  and  agglom- 
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erates  of  the  extensive  group  of  rocks  occurring  on  the  Lake  of  the 
Woods  and  on  Baiuy  Lake  in  Canada,  to  which  Mr.  Andrew  O.  Law- 
son,  of  the  Canadian  Geological  Survey,  has  given  the  name  of  Kee- 
watin  series.  This  series  he  regards  as  belonging  immediately  be- 
neath the  Huronian,  which  is  represented  in  those  northern  regions 
by  the  so-called  Animik^  series.^  This  is  also  the  position  which  the 
greenstone  schists  of  Marquette  occupy,  since  they  quite  unmistak- 
ably underlie  the  iron-bearing  detrital  rocks,  which,  according  to 
Irving,  are  the  equivalents  of  the  true  Huronian.  According  to  Irving 
also  the  greenstone  schists  here  probably  underlie  the  overlying  iron- 
bearing  series  unconformably. 

The  Marquette  greenstone-schist  belt,  which  at  the  lake  shore  is 
between  2  and  3  miles  wide,  extends  to  the  westward  for  about  6  miles, 
without  materially  altering  its  form  or  width.  It  then  broadens  sud- 
denly by  a  wide  extension  toward  the  north,  and  at  the  same  time  is 
divided  into  two  portions  by  the  eastern  extension  of  a  narrow  arm  of 
granite  (See  map,  PL  I):  The  southern  of  these  portions  continues  a 
due  westward  course  with  an  average  width  equal  to  that  of  the  entire 
belt  before  its  division.  The  northern  portion  is  separated  from  the 
southern,  first  by  granite,  and  then  to  a  greater  and  greater  extent  by 
a  large,  wedge  shaped  area  of  the  rocks  of  the  overlying  iron-bearing 
or  Quronian  series. 

For  convenience  in  arranging  the  following  petrographioal  descrip- 
tions the  ground  covered  has  been  divided  into  four  areas,  which  will 
be  considered  in  order:  (I)  The  eastern  area,  near  Marquette;  (2)  the 
toestern  area,  immediately  north  of  Teal  Lake,  in  the  town  of  Negaunee } 
(3)  the  northern  area,  lying  north  of  Dead  Biver,  and  (4)  the  Deer  Lake 
area,  a  short  distance  north  of  the  town  of  Ishpeming.  The  last  named 
area  was  not  studied  by  the  writer  in  person,  specimens  from  it,  with 
full  descriptive  notes,  having  been  sent  to  him  by  Professor  Irving  for 
comparison  with  the  collections  which  the  writer  had  himself  made  in 
other  areas. 

In  the  eastern  or  Marquette  area  the  whole  width  of  the  greenstone 
belt,  including  the  granite  contact  on  the  north,  was  studied  for  a 
distance  of  3  miles  west  from  the  lake  shore.  In  the  western  or 
Negaunee  area  two  sections  were  run  northward  across  the  greenstone- 
schist  belt,  one  passing  through  Sees.  21,  28,  and  33,  T.  48  N.,  B.  26 
W.;  the  other  through  Sees.  13,  24,  26,  and  36,  T.  48  N.,  R.  27  W. 
In  the  northern  area  the  examinations  made  were  carried  on  from  a 
camp  situated  in  Sec.  9,  T.  48  K.^  R.  26  W.,  and  embraced  the  area 
covered  by  Sees.  3,  4,  6,  8,  9,  10,  and  11  of  this  township. 

The  first  of  these  areas  is  the  most  varied  in  its  petrographical 
characters,  and  it  was,  therefore,  the  most  thoroughly  studied.     It  is 

'See  General  Report  of  Progress  of  the  Geological  Sarrey  of  Canada  for  1885;  alao  of  Am.  Joor. 
Sci.  (8d  seriea),  vol.  33, 1887,  p.  473.  I  am  indebted  to  Dr.  Lawson  for  the  opportunity  of  examining; 
the  extensive  suite  of  the  Rainy  Lake  rooks,  upon  the  microscopical  study  of  which  he  was  engaged 
in  the  petrographical  laboratory  of  Johns  Hopkins  University  in  the  winter  ^fi6M-{Q.|  p 
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divided  into  two  portions  of  nearly  equal  extent  by  the  narrow  east 
and  west  band  of  iron-bearing  slates,  to  which  Bominger  applied  the 
name  of  Eureka  series.  The  northern  portion  of  the  Marquette  area, 
extending  from  Lake  street,  Marquette,  northward  to  the  granite,  is  in 
large  part  composed  of  banded  greenstone  schists,  having  an  east  and 
west  strike,  and  a  steep  northern  dip.  They  are  most  conveniently  seen 
in  typical  development  on  Lighthouse  Point.  The  layers  of  these  rocks 
are  alternately  of  a  darker  and  lighter  shade  of  green,  which  gives  these 
particular  greenstones^heir  characteristic  striped  appearance.  In  these 
banded  rocks  of  the  northern  part  of  the  Marquette  area  intrusions  of 
comparatively  little  altered  acid  and  basic  master  are  abundant.  These 
are  for  the  most  part  conformable  to  the  bedding  of  the  schists  and 
embrace  granites,  gneisses,  schistose  i>orphyries,  diorites,  and  diabases. 
Whenever,  in  these  undoubtedly  eruptive  rocks,  a  schistose  structure 
is  apparent,  this  is  conformable  to  the  bedding  of  the  banded  green- 
stone schists. 

The  southern  portion  of  the  area  about  Marquette,  on  the  other 
hand,  is  occupied  by  much  more  massive  and  homogeneous  greenstones 
of  a  nearly  uniform  light  green  color,  and  an  almost  aphanitic  struct- 
ure. These  are  characterized  by  their  division  into  oval  or  lenticular 
areas  which  interlace  and  which  are  separated  by  a  finely  schistose 
material  of  much  finer  grain.  This  peculiar  parting,  which,  accord- 
ing to  the  writings  of  the  Canadian  geologists,  appears  to  have  a  very 
widespread  distribution  through  the  greenstones  of  the  Northwest,  at 
first  glance  resembles  the  spheroidal  weathering  of  many  eruptive  rocks. 
There  is,  however,  better  reason  for  regarding  it  as  of  mechanical 
origin,  as  will  be  more  fully  explained  in  Ohap.  Y. 

The  schistose  structure  of  the  southern  Marquette  greenstones  is  of 
secondary  origin,  due,  probably,  in  almost  every  case,  to  pressure,  while 
anything  like  the  banding  or  striping  of  the  more  northern  rocks  is  here 
wholly  wanting.  Intrusive  rocks  are  rarer  than  in  the  banded  green- 
stones of  the  northern  portion  of  this  area.  When  such  dikes  do  occur 
•  they  are  much  more  altered  and  hence  approach  closely  to  the  enclos- 
ing rock — a  fact  which  renders  their  detection  difficult. 

The  two  portions  of  the  Marquette  greenstone  area  are  therefore 
broadly  distinguished  in  many  of  their  petrographical  characters.  The 
east  and  west  band  of  iron  shales,  mentioned  above  as  separating 
them,  extends  from  the  north  side  of  Marquette  harbor  (Lake  street) 
westward  along  the  northern  side  of  the  Duluth,  South  Shore  and 
Atlantic  Bailroad.  They  seem  to  be  identical  with  certain  members  of 
the  iron  series  and  at  one  point,  about  two  miles  west  of  Marquette,  they 
actually  contain  quite  an  extensive  deposit  of  hematite.  It  is  here 
that  the  Eureka  shaft  was  sunk  at  an  early  date  in  the  history  of  iron 
mining  in  the  Marquette  region,  and  from  this  Dr.  Bominger  has  taken 
his  name  for  this  series  of  Huronian  beds.  To  make  the  references  to 
localities  in  the  Marquette  area  more  inteUigible,  a  sketch  map  of  the 
environs  of  the  city  is  here  appended,  PL  VII.  ^  Q  ^^^^  by  LjOOgle 
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With  reference  to  the  other  two  areas  examined  it  is  here  sufficient 
to  say  that  the  greenstones  of  the  western  or  Kegannee  area  more 
closely  resemble  those  exposed  in  the  soathem  portion  of  the  Marquette 
region ;  while  the  rocks  encoantered  in  the  northern  area  show  many 
points  of  likeness  to  those  occurring  north  of  Marquette. 

BOCKS  OP  THE  NOBTHBSN  POBTION  OF  THE  MABQUBTTB  ABXA. 

BASIO  INTBUSIVKS. 

Diabase. — ^Diabase  in  well  defined  dikes  of  various  sizes  is  an  impor- 
tant feature  in  the  geology  of  the  northern  portion  of  the  Marquette 
greenstone  area.  This  rook  occiHrs  in  all  stages  of  preservation  from 
an  unaltered  condition  to  a  hardly  recognizable  aggregate  of  secondary 
and  decomposition  products. 

In  all  the  freshest  specimens  examined  olivine  is  present,  but  -with 
the  commencement  of  alteration  this  mineral  is  the  first  to  disappear 
In  many  cases,  therefore,  where  the  rock  may  still  be  recognized  as  a 
typical  diabase,  it  is  now  impossible  to  siqr  whether  it  was  originally 
olivine^bearing  or  not. 

The  next  stage  in  the  alteration  is  murked  by  the  change  d  the 
pyroxene  to  uralite,  and  the  more  or  less  synchronous  passage  of  the 
feldspar  ioto  saussuhte  and  of  ilmenite  into  leucoxene. 

Still  later  follows  the  development  of  such  final  decomposition  i>rod- 
ucts  as  chlorite,  epidote,  calcite,  quartz,  etc.  The  extent  to  which  Idiese 
chemical  changes  destroy  the  original  diabase  structure  differs  in  dif- 
ferent cases.  As  a  rule  this  remmns  distinct  during  tbe  first  two  stages 
of  alteration,  while  it  generally,  tdiough  not  always,  disai^wars  daring 
the  third.  In  some  instances  a  pronounced  schistose  structure  has 
been  developed  in  undoubted  diabase  dikes  by  extensive  altraation. 

The  Oreat  Dike. — ^The  best  material  for  the  study  of  the  fi'esh  olivine 
diabase  near  Marquette  was  obtained  from  the  great  dike  which  forms 
ibe  center  of  Lighthouse  Point  (see  Pis.  I  and  YII).  Here  its  eruptive 
character  may  be  admirably  seen  by  the  sharp  line  of  contact  whidb  it 
presents  with  the  ai^oining  banded  green  schists.  This  dike  may  be 
traced  by  several  outcrops  along  Michigan  street  in  Marquette,  and 
then  as  a  high,  rocky  ridge  which  extends  for  some  three  miles  westward, 
through  Sections  16  and  16,  just  north  of  the  main  road  from  Marquette 
to  Negaunee. 

From  various  portions  of  this  dike  nine  specimens  were  c<^eeted. 
The  lour  freshest  of  these  specimens  (Nos.  11617  and  11622,  from  Light- 
house Point ;  No.  11636,  from  Lighthouse  Point  quarry,  and  Ko.  11666, 
fh>m  a  cutting  on  Michigan  street)  are  not  to  be  distinguished  from 
one  another. 

The  structure  of  this  work  is  the  hypidiomorphic  diabase  struct- 
ure,^ which  forms  one  of  the  most  certain  characteristics  of  this  group 

>  "Stniotnre  ophltique"  of  Fonqa6  and  Hiohel-L^vy,    "DlTerxent-strabUgkdinige  Straotnr**  of 
I^OMen,  Mid  *'  DiAbMlaohkOmigo  Strootnr  "  of  Ro«enba»eb. 

Digitized  by  VjOOQ  IC 


U.   S.  GeOUXUCAU  tURVEY 


BULLETIN  NO.  62     PL.  VH 


MAP  or  THE  ENVIRONS  or  MARQUETTE 


Digitized  by  VjOOQ  iC 


Digitized  by 


Google 


wttUAMB.]  DIABASE   OP   LIGHTHOUSE   POINT  DIKE.  139 

of  eruptives.  The  grain  is  of  mediam  ooarseneBS.  The  lath-shaped 
plagioclase  crystals  measure  from  1.5  to  1"*"  by  0.25  to  0.16°»™.  The 
interstices  between  these  are  filled  with  aagite  and  ilmenite.  The  min- 
eral components  observed  nnder  the  microscope  are,  in  order  of  their 
age,  as  follows : 

Essential :  Olivine,  labradorite,  augite,  {S^nltite. } 

Accessory  :  Apatite,  hornblende,  biotite,  quartz. 

Secondary :  Serpentine,  uralite. 

The  olivine  is  mostly  in  rounded  grains  or  in  irregular  areas,  although 
it  sometimes  shows  evidences  of  a  crystal  form,  especially  the  acute 
angle  due  to  the  intersection  of  two  dome  faces  (notably  in  No,  11666). 
It  is  commonly  wholly  changed  to  serpentine,  but  in  a  few  instances 
remnants  of  the  original  transparent  olivine  substance  remain. 

The  feldspar  is  always  a  plagioclase  with  the  peculiar  elongation  of 
the  crystal  in  the  direction  of  the  brachydiagonal  axis,  which  is  charac- 
teristic of  diabase.  The  crystals  are  always  striated,  often  minutely  so. 
The  extinction  is  generally  sharp,  although  an  undulatory  extinction 
is  sometimes  observed. 

The  augite  is  quite  normal  for  diabase.  It  is  of  a  light,  slightly 
reddish  shade  of  gray,  with  a  perfect  cleavage  parallel  to  the  prism. 
Twins  are  very  common,  and  the  line  of  the  lamellae  may  be  seen  in 
ordinary  light  traversing  the  basal  sections  and  bisecting  the  cleavage 
angles.  In  polarized  light  the  colors  distinguishing  the  twin  lamell» 
are  very  brilliant.  No  crystal  form  is  ever  recognizable,  the  mineral 
being  typically  "  xenomorphic,"  in  the  sense  used  by  Rohrbach.^ 

Quartz  is  rare  in  diabase,  but  where  it  occurs  as  it  does  in  No.  11666 
we  must  regard  it  as  an  original  constituent,  on  account  of  the  extreme 
freshness  of  the  whole  specimen.  * 

The  iron  oxide  is  entirely  opaque  and  shows  a  very  irregular  outline. 
This  is  mostly  due  to  the  penetration  into  it  of  the  feldspar  crystals 
whose  form  is  clearly  shown.  Its  crystallization  must  therefore  have 
been  subsequent  to  that  of  the  feldspar,  and  was  apparently  about 
synchronous  with  that  of  the  augite.  The  oxide  itself  is  probably 
partly  ilmenite  and  partly  a  titauiferous  magnetite.  In  none  of  the 
freshest  specimens  does  it  show  trace  of  leucoxene.  It  is,  however, 
sometimes  partially  surrounded  by  a  border  of  biotite. 

Original  hornblende  is  rare  in  this  rock,  but  traces  of  it  were 
observed  in  a  few  instances. 

Among  the  alteration  products  serpentine  is  abundant  wherever 
olivine  existed,  but  the  rock  is  still  too  fresh  to  show  more  than  the 
most  occasional  uralitization  of  the  pyroxene. 

The  five  other  specimens  collected  from  this  great  dike  show  more 

'Ttcbermak's  mioeral.  n.  petrog.  Ifitthcil.,  vol  7,  1885.  Hobrbach's  two  terms,  "autbomorphlo" 
and  "xenomorpbic,"  adopted  by  Kalkdwsky  (Lltbologie,  1886,  p.  14)  were  replaced  by  Roaenbusch  in 
tiMlaat  editioDof  his  Maasige  G^«8teine  by  " idiomorphic '*  and  '*allotriomorphic,"  though  forwbat 
TMMm  is  not  apparent. 

*Ct  Roaenbosch,  Hikroa.  Physiog.,  2d  ed..  vol.  2, 1886,  p.  18& 
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altered  forms  or  abnormal  varieties  of  the  same  rock.    They  are  as 
follows : 

No.  11621,  glassy  diabase. 
No.  11675)  granopbyre  diabase* 

.  No.  11672,  uralite  diabase  (structure  intact). 
No.  11615,  uralite  diabase  (structure  intact). 
No.  11610,  epidiorite  schist  (structure  gone). 

No.  11621,  collected  near  No.  11622  from  the  side  of  the  great  dike  on 
Lighthouse  Point,  is  a  glassy  modification  of  the  diabase,  produced  by 
the  rapid  cooling  of  the  molten  mass  against  the  inclosing  walls.  The 
microscope  shows  this  rock  to  be  composed  of  a  very  dark  brown  glass, 
which  can  be  rendered  transparent  only  with  the  greatest  difficulty. 
This  opacity  is  due  to  the  accumulation  of  minute  globulitic  bodies, 
which  can  be  detected  only  with  the  highest  magnifying  power  in  the 
thinnest  parts  of  the  slide.  Traces  of  the  arborescent  and  fern-like  forms, 
common  in  basic  glasses  (tachylite)  are  easily  recognizable.  The  only 
mineral  constituents  which  have  crystallized  in  this  rock  are  olivine 
and  feldspar.  The  former  shows  well  defined  crystals.  These  fre- 
quently contain  inclusions  of  the  brown  glass,  and  are  now  wholly 
changed  to  a  yellowish  green  serpentine.  The  feldspar  shows  the  nar- 
row, lath-shaped,  and  but  partially  completed  crystalloids  and  skeleton 
forms  which  abound  in  all  glassy  rocks.  These  are  filled  with  either 
penetrations  or  inclusions  of  the  brown,  glassy  base. 

The  chemical  constituents  of  the  other  diabase  minerals— augite, 
ilmenite,  etc.,  are  still  present  in  the  glass. 

No.  11675  presents  an  unusual  modification  of  this  diabase.  The  speci- 
men was  collected  from  the  high,  rocky  ridge  which  is  formed  by  the 
great  dike  in  the  southern  part  of  Section  16,  about  one  and  a  half 
miles  west  of  Marquette.  The  hand-specimen  is  browner  than  is  usual 
in  this  diabase  and  is  speckled  with  reddish  spots.  Under  the  micro- 
scope the  grain  is  found  to  be  of  the  usual  coarseness  and  the  rock 
itself  slightly  more  altered  than  the  specimens  above  described. 

The  structure  of  the  rock  is  still  perfectly  preserved.  The  ilmenite 
is  unaltered,  and,  as  before,  is  frequently  fringed  with  biotite.  The  feld- 
spar is  clear  and  its  twinning  striations  are  very  distinct,  although  it  is 
traversed  by  many  interlacing  veins  of  a  green  chloritic  alteration  pro- 
duct. There  are  no  certain  traces  of  olivine  in  this  rock  and  the  angite 
has  undergone  extensive  change  to  a  brownish  yellow  hornblende. 
This  is  partly  fibrous,  but  also  in  part  quite  compact.  Indeed,  this  rock 
offers  a  noteworthy  instance  of  the  apparent  change  of  augite  directly 
into  compact  brown  hornblende.  Much  more  of  this  mineral  is  here 
present  than  in  any  of  the  fresher  specimens  examined.  It  is  impossible 
to  assert  positively  that  some  of  it  did  not  exist  as  an  original  com- 
ponent of  the  rock,  but  the  frequent  cases  of  its  undoubt<ed  derivation 
by  paramorphism  of  the  augite  makes  it  at  least  probable  that  all  the 
hornblende  has  originated  in  this  way. 

The  reddish  spots  spoken  of  as  visible  in  the  hand-specimen  represent 
another  interesting  feature  of  thi^  r.^ck.    They  are  shown  by  the  micro- 
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scope  to  be  areas  of  a  regular  intergrowtb  of  feldspar  sabstance  and 
quartz.  This  is  sometimes  in  the  form  of  granopbyre.  i.  e.,  in  slender 
fibers,  which  group  themselves  in  radiating  tufts  about  a  clear  feldspar 
crystal,  and  sometimes  it  shows  the  structure  called  micropegmatite. 
This  latter  consists  of  small  angular  areas  of  quartz,  each  having  the 
same  optical  orientation,  which  are  embedded  in  the  reddish  globulitic 
feldspar  substance.^ 

Quite  recently  JVlr.  Waldemar  Lindgren  has  described  a  similar  struct- 
ure in  a  diabase  from  the  Big  Belt  Mountains,  Montana.' 

It  was  also  observed  by  the  writer  some  years  ago  in  a  diabase  from 
Pleasant  Valley,  New  Jersey,  a  specimen  of  which  he  received  from 
Mr.  J.  F.  Kemp,  of  Cornell  University. 

Bosenbusch^  regards  this  structure  as  sufficient  proof  that  the  quartz 
is  original,  but  the  observations  of  Irving^  in  the  Eeweenawan  felsites 
and  others  make  this  conclusion  doubtful. 

No.  11672,  collected  at  the  corner  where  the  road  running  west  from 
Collinfi  Furnace  joins  the  road  leading  to  Bancroft  on  the  Dead  Biver 
(center  of  Sec.  17,  T.  48  N.,  B.  25  W.),  is  a  uralite  diabase,  whose 
structure  is  still  perfectly  preserved. 

The  large  crystals  of  idiomorphic  feldspar  are  in  part  clear,  but  to 
a  considerable  extent  clouded  by  the  development  of  saussurite. 

The  allotriomopphic  augite  is  in  some  cases  intact  or  remains  as  a 
core  in  the  center  of  the  secondary  hornblende  which  has  been  derived 
from  it.  More  frequently,  however,  the  hornblende  or  uralite  has  wholly 
replaced  the  pyroxene.  Its  structure  is  oftener  compact  than  fibrous, 
and  its  form  reproduces  exactly  that  of  the  original  augite.  Quartz 
areas  are  not  uncommon.  The  ilmenite  is  mostly  changed  to  leucoxene. 
Near  one  large  grain  of  the  latter  is  seen  an  area  of  brown  mica,  which 
is  filled  with  a  sagenitic  network  of  minute  rutile  needles. 

No.  11615,  from  an  outcrop  of  this  same  great  dike,  at  the  bottom  of 
the  hill,  which  forms  the  eastern  end  of  Arch  street,  Marquette,  repre- 
sents the  next  stage  of  alteration  in  the  diabase. 

The  original  structure  is  still  plainly  recognizable,  although  it  is  be- 
ginning to  be  concealed  by  alteration. 

The  feldspars  exhibit  their  characteristic  lath-like  forms,  but  the 
sharpness  of  the  outlines  and  more  or  less  of  the  internal  substance  is 
clouded  by  secondary  products.  These  seem  to  be  for  the  most  part 
small  hornblende  needles  which  have  wandered  in  from  the  alteration 
of  the  pyroxene,  but  in  some  places  epidote  is  also  developed  from  the 
alteration  of  the  feldspar  itself.  Still,  in  nearly  every  case  enough  of 
this  unchanged  feldspar  is  present  to  show  plainly  its  original  form  and 
twinning  structure. 

>  This  pecalitr  stracitire  was  firflt  observed  in  diabaae  by  Tdrnebohm  in  1877  (Neues  Jahrbooh 
fBr  Mineral.,  1887.  p.  262),  who  found  it  in  bis  Konga-diabase  tjpe  of  southern  Sweden,  and  named 
ft  '^Sobriftfeldspatb." 

*  Tenth  Census  Bepts.,  U.  S..  vol.  15, 1887,  p.  736. 

•  llikroe.Physlog.2ded.,  vol2. 

i  Cr.  ¥W.,  V'  8, Q90%  Surrey  yol,  6.  p.  IM,  Digi^i^^^  ^^  GoOglc 
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The  aagite  is  in  the  process  of  cbanging  to  hornblende.  This  altera- 
tion 18  sometimes  complete,  bnt  ottener  cores  remain  in  the  center  of 
what  was  the  original  pyroxene  crystal.  The  border  of  hornblende  is 
double,  consisting  of  a  wider  internal  band  of  yellowish  Inowu  fibers 
which  have  apparently  resulted  directly  from  the  angite  substance^  smd 
a  narrower,  outer  zone  of  bright  emerald  green,  pleochroic  needles 
which  seem  to  project  into  the  surrounding  feldspar.^  The  individuals 
of  the  inner  zones  are  much  smaller  than  those  of  the  outer,  and  form 
a  confused,  felt-like  mass,  while  the  external  needles  as  a  rule  have 
their  longest  axes  parallel.  These  needles  are  most  developed  in  the 
direction  of  the  vertical  axis  of  the  angite.  They  may  owe  their  differ- 
ent coloring  to  the  influence  of  the  feldspar  substance  which  has  con- 
tributed to  their  formation.  In  some  cases  the  secondary  hornblende 
appears  to  be  homogeneous  over  considerable  areas,  exhibiting  a  uni- 
form extinction  and  a  comparatively  compact  character.  This  can  not, 
however,  be  regarded  as  original  in  its  nature. 

The  ilmenite  still  retains  its  form  but  is  largely  changed  to  leucoxene. 

No  traces  of  olivine  were  found  in  this  rock,  probably  because  of  its 
altered  condition. 

No.  11616  is  instructive  when  taken  in  connection  with  the  specimea 
last  described,  No.  11615.  Both  were  collected  from  the  large  and 
smoothly  glaciated  surface  of  trap,  exposed  at  the  east  foot  of  Arch 
street.  Through  the  massive  rock  run  a  number  of  schistose  bands, 
produced  by  crushing  and  shearing  along  lines  of  weakness.  One  of 
these  bands  furnished  the  present  specimen.  There  can  be  no  doubt 
that  these  bands  are  a  part  of  the  massive  rock.  Both  were  the  same 
before  the  schistose  bands  were  produced  by  more  intense  mechanical 
and  chemical  action. 

Under  the  miscroscope  the  appearance  of  these  two  specimens  is 
found  to  accord  fully  with  their  field  relations.  The  original  diabase 
structure,  so  distinct  in  the  massive  rock,  has  wholly  disappeared  in  the 
schistose  one.  There  are  no  traces  of  lath-shaped  feldspar  lefL  The  rock 
is  mainly  composed  of  a  confused  network  of  fibrous,  very  pale  green 
and  slightly  pleochroic  hornblende  needles.  These  are  sufficiently  par- 
allel in  their  arrangement  to  produce  the  schistose  structure  of  thia 
rock.  They  are  secondary — ^formed  from  the  alteration  of  the  augite  or 
the  joint  alteration  of  the  pyroxene  and  feldspar— as  maybe  admirably 
seen  in  section  No.  11615,  where  they  are  in  the  process  of  formation. 
Scattered  among  this  hornblende,  is  considerable  cloudy  and  nearly 
opaque  saussuritic  substance,  mixed  with  more  or  less  secondary  quartis, 
both  of  which  have  been  derived  firom  the  feldspar.  The  ilmenite  also 
has  undergone  an  interesting  alteration  and  is  here  represented  by 
cloudy  leucoxene,  with  only  occasional  opaque  black  dots  of  the  origi- 
nal mineral.  This  substance  is  arranged  in  long  stringers  and  shreds 
which  follow  the  direction  of  the  schistose  structure. 

'  On  the  prodaotion  of  a  similar  doable  uralite  zone  around  pyroxene.  See  Lostteu:  Erlaat  &  fceoL 
BpeoUakurte  von  Prenssenu.  d.  thUrioK.  Sta«ten,  Blatt  Harsgerode,  p.  81, 186| ;  ftoit  WUUmm;  3iUL 
1^ Qtoi.  Sttirey.  No.  28,  p.  42,  PI.  I,  Fig,  2.  *         #ti!ed  bTvijOb  *"^^    *^***' 
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Here  we  have  an  andonbted  instance  of  the  dynamio  metamorphism 
of  a  diajbase,  where  every  stage  in  the  process  can  be  followed.  Every 
mineral  of  the  schist  can  with  certainty  be  traced  to  its  original  form, 
and  yet  the  chemical  alteration  has  been  accompanied  by  snch  a  change 
of  position  (migration)  that  the  original  stmctnre  has  wholly  disappeared 
and  a  new  and  dififerent  strnctare  has  been  produced.  This  derived 
lodL  is  qnite  identical  with  some  of  the  most  characteristic  so-called 
hornblende  or  actinolite  schists. 

The  chemical  action  has  here  been  proportionately  increased  \^  tiie 
crushing.  This  seems  tme  for  all  the  constituents,  as  there  are  no 
traces  of  the  firesh  fragments  of  broken  feldspar  crystals  which  were  so 
often  observed  in  analogous  greenstones  of  the  Menominee  region. 

There  is  an  excellent  section  through  the  roeks  of  the  northern  por- 
tion of  the  Marquette  area,  exposed  by  a  brook  which  flows  northward 
ahnost  along  the  line  between  Sections  15  and  10  (hardly  over  a  mile 
west  of  the  city)  and  empties  into  Dead  Biver.  Between  the  road  lead- 
ing from  Marquette  to  Gollins's  Furnace  and  that  forming  the  main  high* 
way  to  Negaunee,  this  small  stream  has  excavated  a  deep  ravine,  upon 
the  high,  steep  sides  of  which  the  relationship  of  th*e  different  roeks  is 
admirably  diplayed.  This  locality  is  described  by  Dr.  Bominger,^  and 
for  convenience  we  will  in  ftiture  allude  to  it  as  the  Brook  section. 
(SeePl.VIL) 

Here  were  encountered  several  exposures  of  fresh  olivine  diabase. 
One  of  these,  "So.  11708,  was  taken  from  the  branching  dike  in  the 
wall  of  greenschist  and  granite,  which  Bominger  has  described  and 
figured.*  This  rock  resembles  the  freshest  specimens  obtained  from 
the  great  dike,  except  that  its  grain  is  finer,  as  might  be  expected  in 
a  mass  of  so  much  smaller  size.  No  trace  of  alteration  is  here  visi- 
ble, except  in  the  olivine.  This  constituent  is  not  abundant,  but  it 
oeeasionally  appears  in  well  shaped  crystals,  which  are  completely 
changed  to  ydlow  serpentine.  The  iron  oxide  presents  in  its  form  a 
decided  contrast  to  that  above  described.  In  this  rock  it  was  produced 
nradi  earlier  than  in  the  other,  and  hence  it  has  a  well  developed  crystal 
form.  This,  as  seen  under  the  microscope,  is  square  (octahedral  section), 
which  may  be  an  indication  that  the  mineral  is  magnetite  instead  of 
ihnenite,  as  before.  The  feldspar  and  pyroxene  of  this  rock  need  no 
special  comment. 

Ho.  11719,  obtained  near  the  edge  of  another  dike  not  far  from  the 
last  mentioned  one,  is  only  semi-crystcdline.  Its  brown,  glassy  base  re- 
smbles  that  of  No.  11621,  but  crystallization  is  farther  advanced.  The 
sharply  defined  olivine  and  feldspar  crystals  are  quite  the  same,  but  a 
▼ast  number  of  smaller  feldspar  crystals  are  here  developed  in  the  base. 
Only  a  very  little  augite,  and  that  in  rounded  grains,  is  present.  This 
mck  would  be  correctly  termed  a  raelaphyre. 

iQeol.  Miohigan,  toI.  4.  p.  25. 

•Ibid.,  p.  l«.  ^  . 
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Ko  11679  is  from  the  center  and  No.  11680  from  the  edge  of  a  dike 
of  porphyritic  greenstone,  which  intersects  the  banded  greenschists  on 
the  wea^m  side  of  the  Brook  section,  not  far  from  its  southern  end. 

The  first  of  these  rocks  has  a  coarsely  porphyritic  stractare,  which, 
on  account  of  its  altered  condition,  is  only  prominent  on  a  weathered 
soiface.  A  fresh  fractare  appears  of  an  almost  even  gray  color,  re- 
sembling some  of  the  finer  greenstones.  Under  the  microscope  this 
specimen  is  found  to  correspond  admirably  to  the  descriptions  of 
the  rock-type,  named  by  Gilmbel  ^^epidiorite."  The  augite,  reddish 
brown  cores  of  which  still  remain,  is  largely  changed  to  fibrous  horn- 
blende. This  mineral  is  mostly  of  a  pale  brown  color,  but  often  has  a 
bright  green  edging  where  it  adjoins  the  feldspar  substance,  as  has 
already  been  noted  in  the  case  of  No.  11615  (p.  141).  The  feldspar  is 
still  clear  and  fresh,  showing  the  characteristic  lath-shaped  forms  of 
diabase.  It  is  only  rarely  clouded  by  small  patches  of  a  gray  saussurite. 
Much  more  abundant  in  this  feldspar  are  veins  and  small  areas  of  green 
hornblende  needles,  which  owe  their  existence  mostly  to  the  pyroxene, 
though  the  feldspar  seems  also  to  have  aided  in  their  formation.  They 
are  especially  abuAdant  in  cracks,  along  which  the  substance  appears 
to  have  wandered  fr^m  the  decomposing  augite.  This  hornblende  is 
finely  fibrous  and  forms  matted,  felt-like  masses.  There  is  but  little 
chlorite  and  secondary  quartz  in  this  rock.  The  ilmenite  is  largely 
changed  to  leucoxene  and  occasionally  surrounded  by  a  rim  of  biotite. 

The  second  of  these  two  specimens  (No.  11680)  from  the  edge  of  this 
dike,  shows  an  extremely  fine  grained,  greenish  groundmass,  whose 
components  are  very  weakly  polarizing  and  hardly  determinable.  This 
was  perhaps  once  a  glass  which  has  become  devitrified  and  viriditic. 
In  it  are  imbedded  sharp,  lath-shaped  plagioclase  crystals,  which  are 
either  unaltered  or  at  most  penetrated  by  veins  of  actinolite  needles, 
and  augite  almost  wholly  changed  to  hornblende  or  chlorite. 

The  following  five  rocks  are  also  good  representatives  of  the  epidio- 
ritic  type.  They  are  largely  composed  of  either  light  or  dark  green, 
fibrous,  secondary  hornblende.  In  none  of  them  does  any  trace  of  au- 
gite now  remain,  and  it  is  possible  that  some  of  them  were  originally 
true  diorites,  like  the  rocks  to  be  described  under  the  next  head.  How- 
ever, the  unmistakable  evidences  of  diabase  structure  often  apparent 
render  it  more  probable  that  these  rocks  all  belonged  originally  to  this 
type. 

No.  11663,  from  Pine  street  just  north  of  Michigan  street,  Marquette, 
is  most  like  a  truediorite  and  may  be  an  altered  form  of  the  Picnic  Isl- 
and rock.  The  hornblende  is  of  the  general  type  represented  in  PL  XII, 
^g.  2  of  No.  11186,  from  the  Horse  Race  above  Upper  Quinnesec  Falls 
(see  p.  107).  It  is  more  or  less  fibrous,  of  a  pale  green  color  and  often 
looks  as  though  it  had  originated  from  the  bleaching  and  disintegration 
of  a  compact  original  hornblende.  Around  the  edge  of  large  areas  it 
b»s  %  (Jj^rker  green  border  w4  s^ms  tQ  ravel  out  into  fine  fibers  whicU 
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wander  into  the  feldspar.  Indeed,  the  feldspar  is  qnite  fiUed  with  such 
hornblende  needles,  which,  together  with  its  sanssnritic  alteration  prod- 
acts,  almost  conceal  the  original  substance.  Ilmenite  in  ragged  areas, 
bat  without  leucoxenCf  and  a  little  of  the  chlorite-epidote  aggregate  (see 
PI.  XI,  fig.  1)  are  also  present 

'Sob.  11712  and  11720,  both  from  the  Brook  section,  are  rocks  of  the 
same  general  character  as  that  last  described.  The  former  is  decidedly 
schistose  and  bears  much  internal  evidence  of  the  action  of  great  press- 
are.  All  of  the  constituents  are  arranged  in  interlacing  and  elongated 
bands.  The  feldspar  is  much  crushed  and  shows  the  peculiar  mosaic 
due  to  secondary  crystallization.  It  is  also  often  changed  to  a  granular 
aggregate  of  brightly  polarizing,  pale  green  epidote  grains.  The  horn- 
blende crystals  are  broken  and  bent,  and  especially  around  their  outer 
edge,  are  very  frequently  reduced  to  a  confused  mass  of  fine  needles 
which  have  extensively  wandered  out  into  the  feldspar  substance.  The 
ilmenite  also  is  much  crushed  and  elongated  in  the  direction  of  the  schist- 
osity,  but  it  shows  no  indication  of  being  changed  to  leucoxene. 

The  second  specimen,  No.  11720,  is  somewhat  schistose,  though  less 
80  than  the  last.  It  is  extremely  dark  in  color  owing  to  the  large  pro- 
portion of  iron  which  enters  into  its  composition.  Under  the  microscope 
it  is  a  confused  aggregate  of  very  dark  green  and  strongly  pleochroic 
hornblende  needles,  a  little  feldspar,  proportionately  much  ilmenite  and 
qaartz.  Some  of  the  larger  hornblende  crystals  show  the  peculiar  granu- 
lated center,  lately  described  and  figured  by  me  from  the  gabbro-diorites 
occurring  near  Baltimore,^  to  which  indeed  this  specimen  presents  many 
points  of  close  resemblance. 

The  two  remaining  specimens  are  much  more  altered  than  those  just 
described. 

No.  11661,  found  beside  the  granite  boss  (the  so-called  <<gold  mine") 
just  west  of  Pine  street,  Marquette,  is  coarsely  granular.  The  feldspar 
is  altered  to  sanssurite  or  calcite.  The  hornblende  is  pale  green  and 
partly  fibrous.  The  center  of  the  crystals  is  frequently  composed  of  a 
dark,  yellowish  green  substance  which  hardly  polarizes  at  all.  This,  at 
first  glance,  appears  to  be  a  core  of  compact  brown  hornblende  but  a 
closer  examination  shows  that  this  is  not  its  nature.  A  little  sphene 
and  considerable  blood  red  iron  hydroxide  make  up  the  remainder  of 
this  rock. 

The  last  specimen  of  these  epldioritic  rocks,  No.  11711,  was  part  of 
a  well  marked  dike  of  schistose  greenstone  which  intersects  a  boss  of 
gneiss  near  the  northern  end  of  the  Brook  section.  This  gneiss  strikes 
B.  and  W.,  while  the  dike  strikes  N.  75^  B.  The  schistosity  of  the 
latter  is  parallel  to  its  walls,  so  that  the  foliations  of  the  two  rocks 
intersect  at  an  angle.  This  rock  shows  the  effects  of  pressure  and 
crushing.  It  is  now  a  finely  granular  aggregate  of  pale  green  fibrous 
hornblende,  feldspar,  quartz,  calcite,  and  leucoxene. 

« BuU.  XT.  S.  Geol.  Survey,  No.  28,  p.  38.  PI.  m,  flfj.  1.  /    v^^^  I  ^ 
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Di&riie. — ^Tbe  occnirence  of  typical  original  diorite  in  the  Marqaette 
area  still  seems  a  little  doabtfol.  No.  11654,  which  composes  the  Picnio 
Islands,  a  short  distance  north  of  Lighthouse  Point,  comes  nearest  to 
deserving  this  name,  al though  this  rock  might  with  as  mach  propriety 
be  termed  an  amphibole  granite.  Jnlien  called  it  a  <^  quartzose  porphy- 
ritic  diorite,"^  and  he  was  followed  by  Wadswor£h.*  The  microscope 
shows  this  rock  to  be  a  coarsely  granular  aggregate  of  green  horn- 
blende, saussuritized  plagioclase,  together  with  a  less  altered,  unstriated 
feldspar,  quartz,  and  sphene.  The  hornblende  is  mostly  quite  com- 
pact, and  shows  in  cross-section  sharp  crystalline  outlines,  which  are 
often  twinned.  The  plagioclase  contains  large  zoisite  individuals  aside 
from  its  more  usual  saussurite  aggregate.  The  unstriated  feldspar 
seems  to  alter  to  muscovite  or  kaolin,  as  is  common  in  orthoclase. 
Seams  in  this  rock  are  filled  with  epidote,  calcite,  or  more  rarely  specu- 
lar iron. 

The  Picnic  Island  rock  seems  to  be  most  closely  related  to  the  amphi- 
bole-granites,  gneisses,  diorites,  and  massive  hornblendite  which  occur 
in  the  granite  farther  north — notably  on  Partridge  or  Middle  Island, 
beyond  Presqu'  Isle.  At  this  latter  locality  there  is  every  evidence, 
from  the  intimate  association  of  the  granite  and  these  homblendic 
rocks,  that  they  were  both  liquid,  or  atleast  plastic,  at  the  same  time. 
Such  a  perfect  intermingling  of  the  two  magmas  it  seems  impossible 
to  explain  on  any  other  hypothesis ;  nor,  indeed,  are  indications  of  the 
same  intermingling  wanting  on  some  of  the  Picnic  Islands. 

ACn>  INTRU6IVB8. 

General  character.^^Uhe  association  of  acid  rocks  of  various  types 
with  the  greenstones  of  the  northern  portion  of  the  Marquette  area  is 
not  less  intimate  than  that  already  described  as  occurring  at  Upper 
Quinnesec  Falls,  on  the  Menominee  Biver.  (Chap.  Ill,  p.  110.)  The 
general  character  of  these  rocks  is  very  similar  at  both  localities,  and 
at  both  they  offer  equally  valuable  material  for  the  study  of  dynamic 
metamorphism. 

The  passage  from  the  Marquette  greenstones  to  the  granite  lying 
north  of  them  is  an  extremely  gradual  one.  There  is  no  such  sharp 
line  of  contact  as  is  represented  on  Kominger's  map,  but,  on  the  con- 
trary, as  Bominger  himself  explains,  there  is  a  complete  interpenetration 
of  the  two  rock  masses.  The  granite  has  intruded  itself  into  the  schis- 
tose greenstones,  for  the  most  part  following  their  bedding  and  forcing 
apart  their  strata.  The  amount  of  the  acid  rock  gradually  diminishes 
as  we  go  southward.  At  the  Dead  Eiver  it  still  composes  over  half 
of  the  entire  mass,  but  between  this  and  the  city  of  Marquette  the 
dikes  and  bosses  of  granite  grow  less  and  less  frequent    They  are, 

*0«ol  MIob.,  vol.  2.  p.  1«8. 

*  Kotes  on  tbe  Iron  and  Copper  Rooks  of  Lake  Superior.  BolL  Mae.  Comp.  Zoo!.,  Harvard  CoU. 
Whole  Seriee,  toI.  7,  Geol.  Series,  vol.  1,  p.  39. 
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howeyer,  never  entirely  absent  from  the  northern  part  of  the  green- 
sUme  area,  but  extend  to  the  limits  of  the  Eureka  series.  Aroond 
Lighthouse  Point  and  near  the  Marquette  water- works,  on  the  north 
side  of  the  harbor,  bands  of  reddish  and  gray  acid  rocks  may  be  seen 
along  the  lake  shore  in  abundance.  Some  of  these  are  but  little  altered 
granites  and  porphyries,  while  others  are  decidedly  schistose  and  seem 
to  owe  their  structure  to  dynamic  agencies. 

Oranite, — We  will  first  examine  specimens  of  the  unaltered  granitic 
type.  These  can  be  nowhere  better  seen  than  in  the  neighborhood  of 
the  iK>wder  mill  on  Dead  Biver,  near  the  center  of  Section  10.  Kear 
this  place  were  obtained  Nos.  11612  and  11613,  both  normal  granites 
which  x>enetrate  the  schistose  greenstones.  They  are  of  a  reddish 
eolor  and  consist  principally  of  feldspar  and  quartz,  both  of  which  are 
allotriomorphic  and  form  a  granular  aggregate  of  interlocking  grains. 
The  quartz  areas  are  often  composite,  and  are  traversed  by  lines  of 
fluid-cavities,  containing  movable  bubbles.  The  feldspar  is  both  mon- 
odinic  and  triclinic  It  is  considerably  altered  to  muscovite  or  kaolin. 
A  little  chlorite  represents  the  original  presence,  in  small  quantity,  of 
a  third  constituent,  but  its  condition  is  now  too  much  altered  to  allow  of 
its  exact  determination.  The  second  of  the  two  specimens  (No.  11613) 
is  the  coarser  grained  and  contains  both  microcline  and  pyrite^  which 
are  lacking  in  the  former. 

No.  11668,  also  from  near  the  powder  mill,  occurs  where  the  granite 
and  schistose  greenstones  are  very  intimately  associated  and  it  seems 
to  be  intermediate  between  them.  Under  the  microscope  it  appears  as 
a  reddish  granite,  like  those  last  described.  Apatite  crystals  and  mi- 
nute, sharply  defined  zircons  are  abundant.  The  greenish  color,  which 
imparts  to  this  rock  an  appearance  intermediate  between  a  granite  and 
a  greenstone,  is  due  to  the  large  amount  of  chlorite  present.  This 
sometimes  traverses  the  feldspar  in  irregular  veins  and  is  sometimes 
massed  together  in  larger  areas,  as  though  it  had  resulted  from  the  al- 
teration of  some  bisilicate,  or,  as  is  still  more  probable,  of  a  micaceous 
constituent. 

Toward  the  southern  end  and  on  the  west  side  of  the  Brook  section, 
the  banded  greenstones  and  granite  are  exposed  in  relations  not  less 
interesting  than  those  to  be  seen  at  Dead  Biver.  A  large,  glaciated  sur- 
&ce  of  the  schists  shows  intrusions  of  both  granite  and  diabase  which 
cut  directly  across  the  strike.  The  former  rock  contains  angular  frag- 
ments of  the  schist  and  in  one  case  it  fills  the  inequality  formed  by  the 
flauilting  of  the  schist  along  a  joint  plane  nearly  perpendicular  to  its 
bedding.  It  also  forms  narrow  veins  and  rows  of  bulging  lenses  in  the 
schist.  This  granite  shows  no  signs  of  foliation  in  the  field,  but  a  closer 
study  of  it  in  the  laboratory  discloses  the  efifocts  of  powerful  dynamic 
action.  The  hand-specimen.  No.  11678,  proves  upon  microscopical  ex- 
amination to  be  an  excellent  example  of  peripheral  granulation,  pro- 
ducing what  Tornebohm  has  called  the  "  mortar-structure.''   The  grains 
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have  rabbed  against  one  another  and  formed  a  fine  mosaic — ^mostly  a 
new  crystallization — which  resembles  a  cement.  The  quartz  has  suf- 
fered so  mach  by  this  process  that  hardly  a  trace  of  the  original  granitic 
quartz  remains.  The  feldspar  presents  rounded  grains,  often  bent  or 
fissured.  In  the  cracks  thus  formed  the  same  mosaic  like  cement  is 
developed.  Chlorite,  epidote,  muscovite,  and  iron  hydroxide  are  present 
in  this  fine  grained  mass  between  the  rounded  feldspars. 

No.  11710  was  obtained  from  the  rounded  knob  of  gneissoid  granite, 
near  the  northern  end  of  the  Brook  section,  through  which  the  dike  of 
foliated  trap  described  on  p.  145  (So.  11711)  passes.  In  this  rock  the 
gneissic  structure  is  quite  prominent  through  a  parallel  arrangement  of 
the  constituent  minerals,  but  under  the  microscope  it  quite  closely  re- 
sembles the  last  specimen.  The  same  peripheral  granulation  of  the 
original  grains  by  rubbing  is  even  more  apparent;  and,  although  there 
is  no  marked  tendency  to  parallel  arrangement  visible  in  the  thin  sec- 
tion, the  effects  of  pressure  are  everywhere  shown,  as  in  the  undulatory 
extinction  of  the  quartz,  in  the  production  of  secondary  strain-lamellee 
in  the  feldspar,  and  in  the  presence  of  microcline. 

No.  11614  W3.S  obtained  from  a  gray  granitic  knob  on  the  lake  shore 
at  the  mouth  of  Dead  River.  This  is  penetrated  by  several  sharply 
defined  dikes  of  fine  grained  diabase,  and,  like  the  rock  last  described, 
is  decidedly  gneissoid  in  structure.  The  rock  is  composed  mainly  o^ 
quartz  and  orthoclastic  feldspar,  although  both  plagioclase  and  a  green 
fibrous  hornblende  are  also  present.  The  gneissic  or  '<  flaser  "  structure 
is  its  most  striking  feature.  This  is  plainly  visible  in  the  thin  section 
and  seems  to  be  mainly  due  to  the  elongation  of  the  quartz  areas  in 
the  direction  of  the  foliation.  This  mineral  has  suffered  greater  defer- 
mation  than  the  feldspar  and  is  present  in  long,  lenticular  patches^ 
whose  axes  are  often  sinuous.  These  are  for  the  most  part  composite 
and  always  show  an  undulatory  extinction.  There  is,  strangely  enough, 
no  peripheral  granulation  visible  in  this  rock. 

No.  11660  is  from  a  granite  boss  on  the  west  side  of  Pine  street,  north 
of  Ohio  street,  Marquette.  A  fine  section  has  recently  been  laid  open 
through  the  center  of  this  mass  by  some  eager  gold  seeker.  The  rock 
is  a  fresh,  even  grained  aggregate  of  orthoclase  and  quartz.  Any  origi- 
nal micaceous  constituent  seems  to  be  lacking,  although  good-sized 
plates  of  muscovite  have  been  secondarily  developed  at  the  expense  of 
the  orthoclase.  This  feldspar  possesses  a  beautiful  zonal  structure, 
which  is  brought  out  in  unusual  distinctness  by  the  different  degrees  to 
which  the  alteration  has  progressed  in  different  zones.  The  eruption  of 
this  rock  must  have  taken  place  subsequently  to  the  dynamic  move- 
ments which  metamorphosed  so  many  of  the  Marquette  intrusives.  It 
shows  no  evidence  of  pressure  in  its  microscopic  structure,  although 
No.  11668,  collected  but  a  few  feet  north  of  it,  from  a  narrow  band  of 
acid  rock,  shows  such  evidence  in  a  very  marked  degree. 

Quartz  porphyries.^l^o  rocks  are  better  suited  to  exhibit  the  effects 
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of  dynamic  metamorphiszn  than  the  qaartz  porphyries.  Some  of  the 
more  important  resalts  which  this  class  of  rocks  has  yielded  to  Euro- 
pean students  have  already  been  stated  in  Chapter  I.  Near  Marquette 
the  narrower  of  the  dikes  and  intrusions  of  granitic  matter  have,  in ' 
ccmseqaence  of  their  rapid  cooling,  assumed  this  form.  Almost  every 
variety  of  structure  between  a  typical  granite  and  quartz  porphyry 
may  be  found  by  comparing  specimens  from  the  different  exposures. 
Furthermore,  the  various  dikes  seem  to  have  been  subjected  to  differ- 
ent degrees  of  mechanical  action,  so  that  the  successive  phases  of  meta- 
morphism  may  be  traced  by  a  comparative  study  of  them. 

In  No.  11629  we  have  a  granitoid  porphyry  which  has  suffered  much 
from  chemical,  but  very  little  from  mechanical  alteration.  This  was 
collected  from  a  branching  dike  of  a  massive,  reddish  rock,  exposed  on 
the  lake  shore  near  the  water- works  in  Marquette.  It  approaches  a 
granite  in  being  largely  composed  of  porphyritic  feldspar  crystals  with 
but  comparatively  little  interstitial  groundmass.  What  there  is  of  this 
groundmass  consists  of  a  fine  granular  mosaic  of  quartz  and  feldspar 
grains  with  some  sericite.  The  larger  feldspar  crystals  are  colored  red 
by  an  abundance  of  fine  globulitic  dust.  They  also  show  an  advanced 
stage  of  chemical  alteration  in  the  development  in  them  of  a  micaceous 
mineral  (sericite).  The  only  traces  of  the  original  biotite  consist  of 
chlorite  areas  dotted  over  with  iron  hydroxide.  At  first  glance  this  rock 
seems  to  resemble  No.  11678  (above  described  as  a  fine  example  of 
Tomebohm's  mortar  structure),  but  a  closer  examination  shows  that  the 
structures,  apparently  so  much  alike,  must  have  been  produced  by  very 
different  means.  There  is  in  the  present  instance  no  evidence  of  press- 
ure, the  feldspar  crystals  have  their  original  outlines  intact,  and  the  in- 
terstitial mosaic,  instead  of  being  due  to  a  grinding  action  between  the 
grains,  is  here  evidently  a  product  of  the  original  crystallization. 

The  next  specimen,  No.  11620,  is  a  typical  quartz  porphyry  which  also 
has  been  but  little  modified  by  the  effects  of  pressure.  It  is  from  a 
small  dike  at  the  eastern  extremity  of  Lighthouse  Point  ana  is  a  much 
fresher  rock  than  the  last.  The  porphyritic  crystals  are  both  smaller 
and  less  frequent.  They  consist  of  orthoclase,  plagioclase,  and  quartz, 
imbedded  in  an  abundant  raicrogranitic*  groundmass.  The  orthoclase 
often  shows  a  twinning  structure  in  accordance  with  the  Carlsbad  law 
and  is  extensively  altered  to  muscovite,  large  plates  of  which  occur 
aronnd  its  crystals.  The  quartz  does  not  here  possess  its  characteristic 
dihexahedral  form,  but  occupies  oval  or  irregularly  shaped  areas  which 
are  frequently  composite. 

These  two  specimens  will  serve  as  representatives  of  those  acid  dike- 
rocks  which  have  been  least  modified  by  pressure.  They  will  serve  as 
a  starting  point  for  tracing  the  successive  stages  of  this  action  in  the 
following  specimens.  Thechang:es  observed  are :  The  deformation  and 
elongation  of  the  quartz  crystals ;  the  fracturing  and  separation  of  the 
fragments  of  feldspars;  the  parallel  arrangement  of  the  new  crystalliza- 
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tioQ  products,  giving  rise  to  a  gneissio  or  '^flaser''  stractare;  and  the 
development  of  a  cleavage.  The  intensity  of  these  changes  is  of  coarse 
proportionate  to  tbe  anionnt  of  force  exerted. 

No.  11633,  obtained  from  the  quarry  on  Lighthouse  Point  (A  of  map, 
PL  YII),  is  a  quartz  porphyry  which  differs  only  slightly  from  No.  11620, 
last  described.  Its  groundmass  is  somewhat  finer  grained  and  sericitic. 
The  porphyritic  crystals  of  feldspar  are  nearly  the  same,  but  tbe  quartzes 
are  deformed  and  lenticular,  sometimes  with  only  an  undulatory  extinc- 
tion, sometimes  broken  into  several  areas  which  are  more  or  less  dis- 
placed from  their  original  position.  Although  the  thin  section  shows 
no  indications  of  schistose  structure,  this  in  tbe  field  is  quite  pronounced. 
Tbe  rock  occurs  in  the  green  schist,  in  small  bands,  which  wedge  out 
very  soon.  It  b as  a  decided  tendency  to  break  along  planes  parallel  to 
the  schist-bedding,  and  upon  these  planes  of  parting  sericite  is  abun- 
dantly developed. 

No.  11653,  from  the  northern  edge  of  Lighthouse  Point,  just  below  the 
Lighthouse,  is  very  similar  to  the  last,  except  that  here  a  schistose 
structure  is  microscopically,  as  well  as  macroscopically,  visible.  The 
groundmass  and  porphyritic  crystals  are  quite  identical  with  those 
above  described.  '  In  the  former  there  is  a  brown  mica  abundantly  de- 
veloped in  aggregations  of  little  plates,  which  form  sinuous  lines  around 
the  porphyritic  crystals  in  a  direction  parallel  to  the  strike  of  the  sur- 
rounding greenstone  schists.  This  fact  is  mentioned  by  Dr.  Wadswortb, 
who  was  the  first  to  discover  these  rocks.^ 

Nos.  11707  and  11717,  were  collected  from  two  dikes  of  porpbyry  inter- 
laminated  with  the  green  schists  of  the  Brook  section.  In  the  hand  speci* 
mens  they  exhibit  no  marked  foliation,  but  under  the  microscope  their 
evidences  of  mechanical  alteration  are  most  interesting  and  instructive. 
The  groundmass  is  of  the  same  character  as  that  already  described. 
In  it,  however,  are  sinuous  bands  of  green  mica  which  bend  and  wind 
about  the  porphyritic  crystals  so  as  to  produce  a  decided  *<  micro-flaser" 
structure.  This  feature  is  more  pronounced  in  the  second  specimen, 
although  the  two  are  essentially  the  same.  The  microscopic  appear- 
ance of  11707  is  represented  in  PI.  XV,  fig.  2.  The  porphyritic  fold- 
spars  have  suffered  little  or  no  change,  unless  it  be  by  the  production 
of  microcline  which  is  quite  abundant  in  the  center  of  some  of  the  crys- 
tals of  No.  11707.  Tbe  quartz  has  suffered  much  more  deformation — 
a  fact  which  the  observations  of  J.  Lehmann'  and  Oh.  B.  Weiss  ^ 
would  indicate  to  be  the  rule  in  rocks  of  this  character.  In  the  present 
case  the  quartz  is  drawn  out  into  long,  spindle  shaped  lenses  which  are 
often  pinched  at  their  ends  into  fine  lines  that  bend  around  tbe  other 
porphyritic  crystals  (see  PI.  XV,  fig.  2).    This  deformation,  however, 


>  Notee  on  tbe  Iron  and  Copper  Rooks  of  Lake  Saperior.    Bull.  Mob.  Comp.  Zool.,  Harrard  CoU. 
Whole  Seriea,  vol.  8,  Oeol.  Series,  vol.  1,  p.  38. 
*  tTntersachniiKen  iiber  die  Entstehang  der  altkrystallinisohen  Sohiefergesteine.   Bonn,  1884. 
'Zeitsobr.  Deutsch.  geol.  Gesell.,  vol.  29, 1877,  p.  418,  and  Jabrbaoh  preusa.  geoL  Landesanstalt  fUr 

1883.  p.  213.   C£  Boaenboacb:  Mlkroe.  Pbysiog..  2d  ed.,  vol  2, 1887,  p.  412.        (     r\r\n\i:> 
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does  not  take  place  without  the  loss  of  continaity  in  the  quartz  sub- 
stance. On  the  contrary  a  mosaic  like  aggregate  of  interlocking  grains 
is  formed  whose  optical  orientation  differs  more  and  more  in  proportion 
as  the  original  quartz  crystal  is  elongated.  In  cases  where  the  deforma. 
tion  is  slight,  only  a  disturbed  extinction  results,  as  may  be  seen  in  No. 
11753.  Hie  presence  of  interlocking  grains  of  different  orientation,  as 
in  this  instance,  would  indicate  solution  and  subsequent  deposition. 

No.  11658,  from  a  narrow  acid  band  immediately  north  of  the  granite 
boss  near  Pine  street,  Marquette,  is  a  rock  of  precisely  the  same  type  as 
those  just  described  but  which  shows  a  secondary  schistose  structure 
more  perfectly  developed  than  any  of  the  preceding.  The  brownish  or 
greenish  mica  is  here  arranged  in  nearly  parallel  bands  which  bend 
only  slightly  around  what  were  once  porphyritio  feldspar  crystals. 
These  latter  have  undergone  an  almost  complete  change  to  muscovite 
and  quartz  aggregates,  some  of  which  are  now  drawn  out  into  long  len- 
ticular areas.  These  patches  are  hardly  to  be  distinguished  from  the 
groundmass,  except  by  their  coarser  grain,  and  yet  they  can  be  traced 
with  certainty  back  to  the  original  orthoclase.  Sharp  crystals  of  pyrite 
and  some  epidote  are  also  developed  in  this  rock. 

Tuffs  of  the  acid  rocfc*.— Closely  allied  to  these  schistose  porphyries 
which  occur  iu  dikes  are  certain  banded  acid  rocks  whose  most  impor- 
tant exposures  are  along  the  southern  edge  of  the  northern  Marquette 
greenstone  area,  near  the  junction  of  this  with  the  fbasile  argillaceous 
shales  of  the  ^^  Eureka  series."  These  are  hard,  compact,  fine  grained^ 
but  decidedly  schistose  beds,  locally  known  as  novaculite.  Indeed, 
these  roeks  have  been  worked  to  a  limited  extent  as  whetstone,  whence 
the  name  of  the  small  creek  flowing  through  the  southern  part  of  Mar- 
quette. 

The  color  of  these  so-called  novaculites  is  sometimes  reddish,  some* 
times  pale  greenish  or  yellowish.  They  are  very  frequently  striped  with 
different  shades.  Under  the  microscope  they  closely  resemble  the 
groandmass  of  the  quartz  porphyries  described  in  the  last  section.  No 
porpbyritic  crystals,  however,  are  ever  observed,  and  the  structure  is 
too  fine  grained  to  appear  schistose  in  a  thin  section. 

Three  essentially  identical  sections  of  these  rocks  were  studied  from 
qiecimens  collected  at  three  of  the  most  typical  exposures. 

No.  11627  is  from  near  Burgess's  saw-mill,  at  the  east  end  of  Lake 
street,  Marquette.  It  has  a  reddish  color  produced  by  an  abundance  of 
iron  hydroxide  scales.  The  grain  is  for  the  most  part  quite  regular, 
dthongh  larger  and  angular  quartz  fragments  are  occasionally  seen. 

No.  11684  was  taken  from  the  glaciated  exposure  of  the  novaculites, 
occurring  at  the  west  end  of  Bidge  street,  Marquette.  A  fresh  fracture 
in  this  rock  shows  a  light  gray  color.  It  is  parted  by  intersecting  joint 
systems  into  sharp  rhomboidal  prisms  which  strike  slightly  south  of 
west  Under  the  microscope  this  rock  appears  as  a  fine,  even  mixture 
of  quartz  grains  and  sericite  flakes. 
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No.  11676  was  collected  at  the  soath  end  of  the  '^  Brook  section,'^ 
near  Steinbrecher's  house.  (B  of  map,  Plate  VII.)  It  is  qnite  similar 
to  the  others,  but  it  is  mnch  seamed  with  infiltrated  quartz,  small  veins 
of  which  appear  in  the  microscopic  section. 

The  re^lar  banding  of  these  anomalous  acid  rocks,  as  well  as  their 
interstratification  with  and  gradual  passage  into  the  similarly  banded 
greenstone  schists,  will  not  admit  of  the  supposition  that  they  were  ever 
eruptive  masses,  however  much  we  may  imagine  these  to  have  been 
metamorphosed.  On  the  other  hand,  their  similarity,  in  both  composi- 
tion and  structure,  to  the  groundmass  of  the  quartz  porphyries,  is  too 
striking  to  be  overlooked. 

Apparently  only  two  hypotheses  are  altogether  reconcilable  with  the 
observed  facts :  First,  that  the  rocks  are  true  sediments,  like  those  of 
the  Eureka  series,  along  whose  northern  edge  they  lie,  which  may  have 
been  largely  derive^,  from  disintegrated  quartz  porphyry  material ;  or 
second,  that  they  are  consolidated  acid  tuffs  which  accompanied  the 
eruptions  of  the  porphyries,  in  the  same  manner  that  some  of  the 
greenstone  schists  represent  the  fragmental  diabase  material. 

Another  possible  supposition  is  that  these  compact,  homstone-like 
rocks  resulted  from  the  contact-metamorphism  of  preexistent  sediments 
by  the  diabase  eruptions.  Such  an  effect  has  been  extensively  pro- 
duced by  the  Hartz  Mountain  diabase,  as  has  been  shown  by  the  work 
of  Lessen  and  others.  The  resultant  rock  is  known  as  acUnoUj  but 
it  differs  essentially  from  the  Marquette  uovaculite  in  a  constant  and 
high  percentage  of  soda,  due  to  the  presence  of  albite.  This,  as  may 
be  seen  from  the  following  analysis,  is  absent  from  the  Marquette  rock. 
We  further  have  no  evidence  of  the  existence  of  sediments  when  the 
greenstones  were  produced,  as  all  the  Huronian  beds  are  younger. 

Of  the  two  first  mentioned  hypotheses,  the  second  is  the  more  proba- 
ble, first,  because  of  the  very  constant  character  of  these  banded  acid 
rocks,  and  second,  because  of  4:heir  almost  exact  identity  in  chemical 
composition  with  the  massive  acid  erupt)  ves.  The  following  chemical 
analysis  of  specimen  No.  11684,  from  the  west  end  of  Bidge  street,  Mar- 
quette, was  made  by  Mr.  W.  F.  Hillebrand : 


Silica  (SiOg) 76.99 

Alumina  (AlgOs) 13.92 

Ferric  oxide  (FeaOs) 0.45 

Ferroas  oxide  (Fe  O) 0. 77 

Manganoas  oxide  (MnO) Trace. 

Lime  (CaO) 0.32 

Magnesia  (MgO) 1.12 


Potash  (K2O) 3.65 

Soda(Na90) 0.56 

Lithia  (L.I2O) Trace. 

Water  (HaO) 2.35 

Phoephorous  pentoxide  (PaOs). .  -  Trace, 

Total 100. 13 


It  will  be  seen  that  this  is  the  composition  of  an  aggregate  of  quartz 
and  sericite,  as  the  microscope  shows  our  novaculite  to  be.  The  sericite 
is  in  all  probability  the  result  of  the  alteration  of  original  orthoclase. 

The  occurrence  of  similar  tuff  deposits  in  connection  with  eruptive 
quartz  porphyries  is  well  known  in  Europe,  especially  in  the  German 
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dyaa.  They  have  been  carefully  studied  and  described  in  Saxony,^  the 
Vosges  Mountains,^  the  Black  Forest,^  and  Odenwald.*  The  writer  can 
speak  from  a  very  considerable  personal  acquaintance  with  the  Black 
Forest  and  Odenwald  tuffs,  of  their  very  close  resemblance  to  the  Mar- 
quette novaculites. 

But  i>erhap8  the  closest  analogues  of  the  Marquette  tuffs  are  to  be 
found  among  those  described  by  Dr.  Archibald  Gteikie,  from  St.  David's, 
in  Wales,^  a  region  which,  as  we  shall  see  in  the  sequel,  presents  many 
points  of  resemblance  to  the  Marquette  district.  The  analysis  of  one  of 
them,  hereafter  quoted  (V),  agrees  very  closely  with  that  of  our  novac- 
ulite.  Dr.  Oeikie  finds  that  these  acid  tuffs  accompanied  superficial 
eruptions  of  quartz  porphyries,  which  were  intimately  associated  with 
more  abundant  and  contemporaneous  extrusions  of  diabase  and  diabase 
tuffs.  The  acid  tuffs  have  been  derived  from  true  fine  grained  felsites. 
Some  of  them  are  conglomeratic  (agglomerates);  some  of  them  fine  ashy 
material,  which  has  become  consolidated  into  a  sericitic  schist.  There 
are  various  intermediate  varieties  between  the  acid  and  basic  types, 
due  to  the  mingling  in  different  proportions  of  the  two  kinds  of  debris. 

Mr.  J.  S.  Diller^  has  also  shown  that  the  felsitic  rock  from  Breakheart 
HOI,  near  Saugus,  Massachusetts,  is  a  silicified  quartz  porphyry  tuff; 
and  from  the  sharply  angular  shape  of  the  quartz  fragments,  of  which 
it  is  now  composed,  he  concludes  that  these  are  pseudomorphs  after 
fragments  of  an  acid  glass  originally  deposited  as  a  volcanic  ash. 

The  following  analyses  of  well  characterized  acid  tuffs  from  European 
localities  are  here  quoted  on  account  of  their  similarity  to  the  Mar- 
quette novaculite  : 


Silic*<SiOs)  

AlamiDA  (AUOs) 

Ferric  oxide  (FesOs)  . 
Ferrous  oxide  (FeO)  . 

Lime<Ca0) 

ICagneeU  (MgO) 

Potaah(K,0) 

Soda(NaiO) 

Water  (HflO) 

Total 


7«.37 
13.M 

8.18 


4.89 
1.07 
L58 


100.58 


n. 


78.73 
11.34 

0.90 


0.27 
3.81 
0.17 
2.12 


98.43 


in. 


82.47 

9.55 

r       0.48 

(       0.57 

0.68 

trace  ... 

4.69 

0.58 

1.18 


100.00 


rv. 


84.12 
tf.38 

L78 

0.08 
0.01 
0.85 
0.26 
3.68 


100.16 


V. 


80.60 

11.29 
0.28 

*1.4l 
0.52 
0.95 
2.98 
0.73 

tl.96 


100.70 


'Manganoas  oxide  trace. 


t  Loss  on  ignition  and  water. 


*  CF.Nanmann:  Geognosie,  2d  ed.,  vol.  1,  p.  671, 1858.  Also  Erittutemngen  zur  geol.  Speoialkarte 
dea  koD.  Sachsens,  Sect.  Frohburg  (59),  Colditz  (44),  Dobeln  (46),  LeisnigLaasigk  (48),  and  Sochlits 
(«). 

'  D.  (}erbard :  Geognistiscb-petrograpbiscbe  Mittbeilungen  ans  dem  Gel^weiler-Tbal,  1880.  (Cf.  NeoM 
Jahrbocb  fur  Mineral..  1881,  vol.  1,  Referate  p.  374). 
'6.  H.  WUliams:  Neues  Jabrbach  Tdr  Mineral.,  Beilage-Band  2.  pp.  62ft-634. 
^Beneoke  and  Coben :  Geogn.  Bescbr.  d.  Umgegcnd  von  Heidelberg,  1881.  pp.  321-285. 

*  On  tbe  suppoeed  pre-Canobrian  rocks  of  St.  David's.  Quart  Jonr.  Geol.  Soc.  London,  roL  39,  pp. 
2M-301,1883. 

*Tb«  feUitea  and  their  associated  rooks  north  of  Boston.  Proc.  Best  Soo.  Nat.  Hist.,  roL  90,  pp. 
365-368;  BnlL  Has.  Comp.  Zool.,  Harvard  Coll.  Whole  Series,  vol.  7.  pp.  166-180;  also  Science,  1884. 
▼o].3,p.658.  ,  I 
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I.  Thonatein  (tnlf )  from  Zeisigwald,  near  ChenmitSi  Sazooy.* 

IL  Sftme.* 

nL  8tlieifled  toff,  Oelberg,  near  Sohriesheim,  Odenwald.' 

IV.  Silioifled  tuff,  Keoaelberg,  near  Triberg,  Black  Forest.* 

V.  Felsitio  toff  breccia,  Clegyr  Hill,  St.  David's,  Wales.* 

Ifi  then,  these  banded  acid  rocks  occarring  near  Marqaette,  as  seems 
most  probable,  really  do  re|>resent  solidified  tuff  material  of  the  quartz 
porphyries,  we  might  expect  to  find  transitional  forms,  grading  into  the 
banded  green  schists.  These  do  appear  to  exist,  and  indicate  that 
some,  at  least,  of  the  eruptions  of  both  acid  and  basic  rocks  were  nearly 
contemporaneous. 

BANDED   GRRBN6T0NB  SCHISTS. 

The  banded  greenstone  schists  which  form  the  prevailing  rock  over  the 
northern  portion  of  the  Marquette  area  have  been  regarded  by  all  geolo- 
gists who  have  ever  studied  them  as  originally  sedimentary  deposits, 
.  and  a  repeated  examination  of  them*  in  the  field  seems  incapable  of 
leading  to  any  other  conclusion.  They  are  everywhere  stratified  with 
the  greatest  regularity  in  bands  of  lighter  and  darker  shades  of  green. 
This  structure  is  to  be  most  advantageously  seen  in  the  woods  just 
north  of  Marquette  and  near  Lighthouse  Point.  Here  glaciated  areas 
of  considerable  extent  often  show  a  finely  ribboned  appearance,  looking 
as  though  the  sharp,  parallel  lines  had  been  drawn  with  a  ruler.  The 
alternation  in  the  color  and  composition  of  the  layers  is  so  frequent  and 
so  constant,  and  their  parallelism  to  the  east  and  west  strike  of  all  the 
rocks  of  this  neighborhood  is  so  exact  that  no  hypothesis  of  their  orig- 
inally massive  character  will  satisfactorily  account  for  the  observed 
facts. 

On  the  other  hand,  the  chemical  and  the  microscopical  characters  of 
these  schists  agree  closely  with  those  of  associated  massive  greenstones 
which  are  known  to  have  been  derived  by  the  alteration  of  basic  erup- 
tive rocks.  Both  are  composed  of  fibrous  green  hornblende,  quartz, 
epidote,  zoisite,  and  chlorite.  There  must,  therefore,  have  been  a  close 
similarity  in  the  original  composition  of  these  two  classes  of  rocks,  in 
spite  of  the  wide  difference  in  their  structure. 

Prof.  M.  E.  Wadsworth,  who  has  ably  advocated  the  eruptive  origin 
of  many  of  the  rocks  occurring  near  Marquette,  regards  these  banded 
schists  as  undoubtedly  of  sedimentary  origin.    He  says :  ^ 

•  The  schist  from  the  same  specimen  (45)  is  composed  of  quartz,  argiliaoeoos  mate- 
rial, chlorite,  hornblende,  magnetite,  **  leuooxene,^  and  a  little  angite.  It  would  seem 
that  this  had  been  formed  from  detrital  material  of  the  same  nature  as  the  dikes 
(basaltic).  The  close  resemblance  of  the  ^'diorite"  and  schist  in  mineralogioal  char- 
oetets,  but  not  in  structure,  is  shown  in  another  section  containing  the  Junction  of  the 
two  rocks  (48). 

I  ITeues  Jahrbaoh  fur  Mineral..  1864. 
'Ibid..  1869. 

■Die  snr  DyM  gehdri^en  Gesteine  des  sOdlioIieii  Odenwaldes,  von  £.  Cohen,  1871,  p.  ff7. 
4Keaes  Jahrbach  fftr  Mineral.,  Beilage-Band  2,  p.  630. 
<Qaart.  Joar.  Geol.  Soo.  London,  vol.  89, 1883,  p.  297. 

'Notes  on  the  Iron  and  Copper  Districts  of  Lake  Saperior.  BoU.  Mns.  Comp.  ZooL,  Hanrax4  CoU., 
Whole  Series,  vol.  7,  Geol.  Series,  vol.  1,  p.  37. 
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Specimes  of  these  banded  greenstone  schists  which  \9ere  collected 
from  different  localities  within  the  northern  Marquette  area,  although 
they  are  macroscopically  nearly  identical,  present  a  great  variety  in 
their  microscopical  structure. 

Nos.  11618  and  11619,  from  Lighthouse  Point,  Marquette,  are  com- 
paratively coarse  grained  rocks  composed  largely  of  a  green  fibrous 
hornblende.  The  structure  of  this  mineral,  especially  in  No.  11619,  is 
unnsnal.  What  at  first  glance  looks  like  a  confused  mass  of  irregular 
and  ragged  hornblende  areas,  when  more  carefully  examined,  is  found 
to  confiist  of  more  or  less  radiating  bundles  of  hornblende  fibers,  resem- 
bling sheaves.  The  center  of  these  bundles  is  their  most  compact  por- 
tion. Here  the  hornblende  substance  is  often  continuous  and  homo- 
geneous, but  toward  the  two  ends  of  the.mass  it  appears  to  be  frayed 
out  into  separate  fibers.  These  are  so  regularly  divergent  in  their  ar- 
rangement as  to  produce  a  black  brush  which  sweeps  across  them  as 
the  stage* of  the  microscope  is  revolved  between  crossed  Nicol  prisms. 
This  peculiar,  sheaf-like  grouping  of  the  hornblende  is  shown  in  PI.  XVI, 
Fig.  1.  It  is  very  similar  to  that  described  by  de  la  Vall^e-Poussin  and 
Benard  in  an  amphibolite  occurring  near  Laifour,  in  the  valley  of  the 
Mense,^  and  by  Renard  in  the  metamorphosed  Devonian  slates  of  Bas- 
togne  in  the  Ardennes  Mountains.'  Though  it  can  still  be  traced  in 
specimen  No.  11618,  this  structure  is  by  no  means  as  distinct  as  in  the 
case  just  described. 

The  groundmass  in  which  this  hornblende  lies  is  a  finely  granular 
aggregate  of  albite,  or  quartz  and  albite  grains.  In  it  occur  some 
chlorite,  epidote,  or  zoisite  in  good  sized  individuals,  and,  at  least  in 
No.  11619,  some  small  ilmenite  particles,  surrounded  by  a  highly  refrac- 
tive leucoxene  border.  There  is  comparatively  little  groundmass  in 
either  of  these  specimens,  but  of  the  two  No.  11618  contains  the  more. 

Nos.  11730,  from  the  western  part  of  Marquette,  between  Michigan 
and  Ohio  streets,  apd  11734,  from  the  corner  of  Front  and  Ohio  streets, 
are  both  banded  greenstones  of  the  same  type  as  the  specimens  last 
described.  The  former  contains  less  hornblende,  though  this  mineral, 
is,  nevertheless,  abundant  in  the  same  sheaf  like  bundles  as  before. 
The  groundmass  is  a  fine  grained  albite  mosaic,  which  contains  some 
qaartz  and  some  epidote.  The  latter  specimen,  No.  11734,  is  largely 
composed  of  an  unusually  dark  green  and  pleochroic  hornblende,  in  con- 
fosed  ragged  and  fibrous  groups.  Along  certain  lines,  where  this  compd- 
Bent  is  less  abundant,  the  rock  assumes  a  lighter  shade.  The  albite  mo- 
saic is  present,  but  not  to  the  exclusion  of  areas  of  gray  saussurite, 
which  sometimes  show  indications  of  a  lath-like  form,  like  that  of  the 
diabase  feldspars.  Narrow  seams  filled  with  epidote,  or  an  aggregate 
of  albite  and  epidote,  traverse  this  rock  parallel  to  its  banding.  Ilmen- 
ite grains,  with  their  rims  of  leucoxene,  occur  in  each  of  these  specimens. 

'lUm.  sar  1m  char.  min.  et  strat  des  roohes  ditea  platoniennes,  eto.,  Bnisselfl,  1879,  p.  282,  PL  V, 
Fig.  25. 

'Lq8  roches  grdnatifdreset  ampbiboliqaes  de  la  r6gion  de  Baatogno.  Ball.  Mas.  roy.  d'hiat.  nat  de 
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There  is  nothing  in  the  microscopical  stracture  of  these  slides  to  sug- 
gest a  massive  eruptive  rock;  on  the  contrary,  the  two  instances  cited, 
where  a  similar  sheaf  like  hornblende  has  before  been  noticed,  are  cases 
of  supposed  metamorphosed  tuffs. 

No.  11630,  from  the  quarry  on  Lighthouse  Point  (A  of  map,  PI.  VII)  is 
also  largely  composed  of  hornblende  in  pale  green,  ragged-looking  indi- 
viduals, but  without  any  of  the  sheaf-like  structure.  Amid  the  horn- 
blende a  clear  transparent  feldspar,  evidently  albite,  has  been  abund- 
antly developed  in  good-sized  grains,  which  show  a  sharp  twinning  stri- 
ation.  The  gradation  of  this  well  characterized  albite  into  the  granu- 
lar mosaic  lends  additional  force  to  the  supposition  that  this  also  is  com- 
posed of  the  same  mineral,  as,  indeed,  Lossen  has  shown  to  be  the  case 
in  many  of  the  regioually  metamorphosed  diabases  of  the  eastern  Hartz.^ 

Nos.  11631  and  11637  are  other  specimens  of  the  banded  greenstone 
schists  from  the  same  quarry  as  the  last  on  Lighthouse  Point.  The  for- 
mer is,  perhaps,  the  most  typical,  although  an  abundance  of  calcite 
shows  that  it  is  much  weathered.  Its  alternating  light  and  dark  green 
bands  are  due  to  the  fact  that  hornblende  is  still  present  iu  the  latter, 
while  its  place  is  supplied  iu  the  lighter  colored  bands  by  a  pale  chlor- 
ite and  epi<lote.  An  opaque  iron  oxide,  often  surrounded  by  a  lea- 
coxene  rim,  is  found  in  small  particles  scattered  through  this  rock^  as 
is  also  a  little  biotite.  The  second  of  the  above  mentioned  specimens, 
No.  11637,  which  was  taken  from  just  beside  the  great  dike,  shows  what 
the  last  described  rock  was  when  it  was  in  a  fresher  condition.  The  cal- 
cite is  here  absent,  and  the  rock  is,  for  the  most  part,  a  mass  of  ragged 
and  raveled  hornblende.  Among  this  is  scattered  some  clear,  trans- 
parent feldspar  (probably  albite)  and  zoisite,  or  epidote,  which  occurs  in 
irregular  crystalloids,  arranged  in  long,  parallel  lines.  The  iron  mineral 
and  biotite  are  present  as  before. 

No.  11623,  found  beside  the  great  dike  on  Lighthouse  Point,  is  only 
a  confused  aggregate  of  very  pale  and  very  fibrous  hornblende  needles 
with  calcite.  Lighter  bands  are  occasioned  in  this  rock  by  a  prepon- 
der^ruce  of  calcite  and  chlorite  over  the  hornblende. 

No.  11626  is  a  gray  schistose  rock  from  the  exposure  near  Burgess's 
saw-mill,  on  Lake  street,  Marquette.  It  is  full  of  calcite,  which  is  ar- 
ranged in  bands  along  with  a  very  finely  granular  mosaic.  Hardly  any 
hornblende  is  visible  in  this  specimen,  but  veins  of  epidote  and  some 
chlorite  occur  in  it. 

Along  the  deep  north  and  south  exposure  of  the  greenstone  schists 
which  has  been  described  as  the  Brook  section,  these  banded  greenstones 
are  also  very  admirably  displayed.  For  the  most  part  they  are  quite 
like  those  occurring  in  the  neighborhood  of  Marquette.  In  one  par- 
ticular, however,  some  of  them  present  an  unusual  feature  which  it  is 
not  altogether  easy  to  explain.    This  consists  in  the  presence  of  ien- 

1  ZeitBcbr.  Dentacb.  geol.  Greseli.,  vol.  24,  1872,  p.  730.  Jahrbnch  prenss.  geol.  LaDdesanstolt  f&r 
J883,  p.  640;  ibid.,  fiir  1884,  p.  628.    Erliiat  znr  geol.  Specialkarte  ron  Pr.,  Blatt  Wippra,  Berlin,  18W. 
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ticalar  masses  of  a  white  feldspathic  sabstance,  which  are  so  elongated 
in  the  direction  of  the  bedding  that  while  they  generally  present  a 
lens-shaped  form,  their  cross-section  is  nearly  circalar.  The  size  of 
these  lenses,  which  externally  resemble  what  the  Germans  call  ^^Angen" 
oreyesy  is  extremely  variable.  Some  are  smaller  than  peas,  while  others 
are  more  than  two  inches  in  length.  The  eittent  also  to  which  they  are 
elongated  differs  very  much  in  different  cases.  Some  are  represented 
only  by  narrow  white  lines  which  are  occasionally  thickened  or  swelled 
oat  into  oval  spots.  Between  these  and  Huch  as  vary  comparatively 
little  from  a  spherical  form  we  may  find  all  intermediate  stages. 

These  white  lenses  are  by  no  means  universally  distributed  through 
the  green-schists  of  the  Brook  section ;  on  the  contrary  they  occur  only 
rarely  in  bands  which  transverse  the  greenstones  parallel  to  their  bed- 
ding. One  of  these  bands  consisted  of  only  a  few  rows  of  large,  oval 
masses,  exactly  resembling  rounded  pebbles,  but  in  spite  of  its  narrow- 
ness it  ooald  be  traced  for  a  considerable  distance. 

The  white  color  of  these  lenses  or  "Augen''  presents  a  decided  con- 
trast to  the  dark  green  of  the  inclosing  schists.  Their  ontline,  too,  is 
quite  sharp,  and  yet,  upon  a  close  examination,  th^  are  seen  to  pass 
gradually  into  the  substance  of  the  surrounding  rock.  What  their 
origin  was,  whether  they  were  inclusions  much  flattened  by  subsequent 
pressure,  or  secretions  of  the  rock  itself,  or  infiltrations,  it  now  seems 
difficult,  if  not  impossible,  to  decide. 

Sections  11703  to  11705a,  show  the  microscopic  composition  and 
structure  of  these  lenticular  masses  as  well  as  their  relation  to  the  in- 
closing rock.  This  latter  is  in  all  cases  a  typical  hornblende  schist  or 
amphibolite.  It  is  composed  of  small,  compact  needles  of  strongly 
pleochroic,  green  hornblende,  colorless  grains  of  feldspar  and  probably 
quartz,  and  the  minute,  highly  refractive  epidote  particles  so  character- 
istic of  the  crystalline  sphists.  The  feldspar  is  very  fresh  and  free  from 
inclusions,  as  though  it  were  the  product  of  a  new  crystallization.  It 
rarely  possesses  an  albite  or  microcline  twinning  structure,  but  for  the 
most  part  it  is  so  homogeneous  and  limpid  that  it  closely  resembles 
qaartz.  Lessen  has  called  particular  attention  to  the  difficulty  of  dis- 
tinguishing a  mosaic  of  secondary  albite  from  quartz  under  the  micro- 
scope,^ and  it  is  very  possible  that  quartz  grains  are  actually  present 
in  this  rock,  although  in  certain  favorable  cases  a  biaxial  character  was 
substantiated. 

No.  11703  is  cut  in  the  direction  of  the  bedding  and  shows  the  horn- 
blende in  strictly  parallel  arrangement.  Its  feldspar  ^^Augen"  are  very 
much  elongated,  while  in  No.  11705,  which  is  cut  nearly  perpendicular 
to  the  bedding,  they  are  as  broad  as  they  are  long.  This  substance 
was  undoubtedly  once  some  triclinic  feldspar,  but  this  has  beenehanged 
to  saussurite  which  now  consists  of  epidote  and  sericite  imbedded  in  a 

'  Zdtaehr.  Dentsob.  geol.  GeselU  ▼oL  31,  1879,  p.  441,  et  teq.  J»hrbncli  preius.  geoL  LandeMOBtftlt 
fir  U84,  pp.  528, 944,  PI.  xzix,  fig.  4. 
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new  crystallization  of  albite.  Tbey  contain  no  hornblende,  bat  there 
seems  to  be  a  condensation  of  this  mineral  in  the  schist  aronnd  their 
edge  and  enoagh  of  it  penetrates  for  a  distance  into  their  substance  to 
form  a  gradnal  transition  rather  than  a  sharp  line  of  contact  between 
them  and  the  inclosing  rock. 

The  composition  of  these  ^^Angen  "  is  not  in  every  instance  the  same, 
although  they  all  appear  to  have  been  derived  from  some  forni  of 
feldspar.  In  No.  11704  they  are  composed  wholly  of  epidote,  while  in 
No.  11706a  the  original  feldspar  was  more  acid  and  sericite  has  been 
produced  almost  to  the  exclusion  of  epidote. 

Other  of  the  banded  greenstones  collected  along  the  Brook  section 
are  quite  devoid  of  the  white  ^^Augen"  and  agree  closely  with  the  rocks 
around  Marquette. 

Nos.  11706^  11713,  and  11718  are  essentially  hornblende  rooks,  con- 
taining some  altered  feldspar  and  some  quartz.  They  are  plainly 
banded,  the  alternate  layers  differing  in  both  color  and  composition. 

No.  11671,  from  an  exposure  very  near  the  center  of  section  17,  con- 
sists of  sharp  epidote  needles  and  a  little  quartz,  imbedded  in  a  con- 
fused mass  of  pale  green,  fibrous  hornblende. 

Nds.  11610,  11611,  and  11667,  from  near  the  powder  mill  on  Dead 
Biver,  are  all  schistose  greenstones  in  a  much  altered  condition  consist- 
ing now  of  chlorite,  quartz,  and  carbonates. 

As  has  been  already  remarked,  the  structure  of  these  greenstone- 
schists  is  such  as  to  necessitate  a  belief  in  the  original  nature  of  their 
stratification;  while,  on  the  other  hand,  their  chemical  as  well  as  their 
mineralogical  composition  renders  it  impossible  to  separate  them  from 
the  massive  and  highly  altered  greenstones  (uralite  diabases,  etc.)) 
with  which  they  are  most  intimately  associated.  Their  parallel  band- 
ing indicates  a  fragmental,  but  their  chemical  and.  their  mineral  com- 
position indicate  an  igneous  origifi.  The  only  satisfactory  recouciliation 
of  these  opposite  sets  of  characters  is  to  be  found  in  that  group  of 
rocks  intermediate  between  sediments  and  lavas,  known  as  volcanic 
tufGs. 

In  the  opinion  of  the  writer,  then,  the  banded  greenstone  schists  of 
the  northern  Marquette  area  are  to  be  regarded  iis  consolidated  ami 
highly  metamorphosed  diabase  tuffs.  These  are  intimately  associated 
with  numerous  contemporaneous  flows  of  diabase  and  quartz  porphyry, 
together  with  tuffs  of  the  latter  rock ;  while  all  have  been  broken  through 
by  much  younger  dikes,  both  basic  and  acidic. 

From  the  preceding  petrographical  descriptions  it  will  be  seen  how 
great  is  the  similarity  between  the  banded  greenstones  of  Marquette 
and  the  older  massive  diabases.  Mineralogically,  they  are  now  iden- 
tical, but  the  fine  parallel  banding  of  the  former  necessitates  the 
assumption  that  their  origin  differed  from  that  of  the  ernptives. 

In  a  former  paper'  the  writer  has  maintained  that  two  geological 

>  BuU.  U.  S.  Geol.  Survey,  No.  28,  p.  1. 
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masses  as  different  in  their  structure  and  origin  as  a  clay-bank  and  a 
lava-stream,  \f  they  possessed  the  same  chemical  composition  to  start  toithj 
when  subjected  for  a  long  period  to  exactly  the  same  physical  condi- 
tions, would  result  in  the  same  products.  This  is,  of  course,  true  only 
when  these  conditions  allow  of  profound  metasomatic  and  structural 
changes.  On  the  other  hand,  when  we  find  two  intimately  associated 
rocks  which  for  a  long  time  have  been  subjected  to  exactly  the  same 
conditions,  but  which  still  bear  evidence  of  dissimilar  origin,  in  spite  of 
practical  identity  of  mineral  and  chemical  composition,  we  may  safely 
consider  them  as  originally  of  the  same,  or  of  similar  chemical  composi- 
tion. Now,  it  is  difficult  to  imagine  any  stratified  sediments  of  the 
composition  of  diabase,  except  diabase  ashes ;  nor  could  these  have  un- 
dergone transportation  by  water  without  suffering  important  chemical 
changes.  We  therefore  conclude  that  the  banded  schists  represent  vol- 
canic debris  deposited  at  or  near  the  point  of  its  origin. 

In  order  to  obtain  a  clear  idea  of  just  how  these  ancient  and  much 
disguised  tuffs  acquired  their  present  form  and  apparently  dual  char- 
acter, it  will  be  advantageous  to  ascertain  what  is  known  of  analagous 
formations  of  comparatively  recent  date.  Capt.  0.  E.  Dutton's  .de- 
scriptions^ of  the  iragmental  rocks  accompanying  the  Tertiary  erup- 
tives  of  the  high  plateaus  of  Utah,  are  well  suited  to  this  purpose.  He 
says,  in  speaking  of  the  extent  of  these  deposits  :^ 

Some  of  the  most  interesting  lithological  problems  presented  by  the  Toloanic  prod- 
nets  of  the  high  plateaus  are  those  relating  to  the  origin  and  development  of  what 
may  be  termed  the  clastic  igneous  rocks,  or  rooks  apparently  composed  of  fragmental 
materials  of  igneons  or  Tolcanic  origin,  bnt  now  stratified  either  as  so-called  tafii- 
eeoofl  deposits  or  as  conglomerates.  These  are  exceedingly  abundant  in  all  of  the 
great  Toloanic  districts  of  the  world,  and  often  enormously  voluminous.  How  those 
of  the  high  plateaus  would  compare,  in  respect  to  magnitude,  with  those  of  other 
r^;ioo8, 1  do  not  accurately  know,  but  absolutely  their  bulk  is  a  source  of  utter  aston- 
ishment. They  eover  nearly  2,000  square  miles  of  area,  and  their  thickness  ranges 
from  a  few  hundred  feet  to  nearly  2,500  feet,  the  average  being  probably  more  than 
1,200  leet.  Lavas  are  frequently  intercalated,  but  much  more  frequently  no  inter- 
calary lavas  are  seen,  and  in  general  they  seldom  for  any  large  proportion  of  the 
entire  bulk  when  they  occur  in  coigunction  with  the  clastic  masses. 

Again,  in  speaking  of  the  peculiar  liability  of  such  deposits  to  meta- 
morphism,  the  same  writer  says:^ 

A  very  striking  characteristic  of  these  clastic  volcanic  rocks,  both  the  tnfas  and 
the  conglomerates,  is  their  great  susceptibility  to  metamorphism.  Not  only  have  the 
beds  in  many  localities  been  thoroughly  consolidated,  but  they  have  undergone  crys- 
tallization. Those  tufas  and  conglomerates  which  are  of  older  date,  and  which  have 
been  buried  beneath  more  recent  accumulations  to  considerable  depths,  rarely  fail  to 
show  conspicuous  traces  of  alteration,  and  in  many  cases  have  been  so  profoundly 
Bodifled  that  for  a  considerable  time  there  was  doubt  as  to  their  true  character.  The 
general  tendency  of  this  process  is  to  convert  the  Aragmental  strata  into  rocks  having 
a  petrograpbio  facies  and  texture  very  closely  resembling  certain  gronps  of  igneous 
rocks.    When  we  examine  the  rocks  in  situ  no  doubt  can  exist  for  a  moment  that 

*  Beport  on  the  Geology  of  the  High  Plateaus  of  Utoh.    By  C.  S.  Datton ;  Washingtoii,  1880. 
>  IMd.,  p. ».  '  Ibid.,  pp.  79, 80. 
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they  are  wAter-laid  strata.  The  hand-speoimeDs  taken  from  the  beds,  which  are  ex- 
tremely metamorphosed,  might  readily  pass,  even  upon  close  inspection,  for  pieces 
of  maesive  emptive  rooks  were  it  not  that  the  original  fragments  are  still  ^istinj^nish- 
able,  partly  by  slight  differences  of  color,  partly  by  slight  differences  in  the  degree 
of  coarseness  of  texture.  Bnt  the  matrix  has  become  very  similar  to  the  incloded 
fragments,  holding  the  same  kinds  of  crystals,  and  under  the  microscope  it  shows 
a  gronndma»  of  the  same  textnre  and  composition.    •    •    * 

I  see  nothing  at  all  incredible  in  the  idea  of  metamorphism  produciog  roclw  so 
closely  resembling  some  ernptiye  rocks  that  they  can  not  be  petrographically  distin- 
goished  from  them.  It  seems  rather  that  we  ought  to  anticipate  just  such  a  reeult 
from  the  alteration  and  consolidation  of  pyroclastio  strata.  The  materials  which 
compose  them  consisted  originally  of  disintegrated  feldspar,  pyroxene,  and  the  mat- 
ter which  constitutes  the  amorphous  base  of  all  eruptive  rocks. 

We  are  thas  enabled  to  see  tliat  there  is,  at  least,  no  geological  diffi- 
culty in  the  explanation  here  offered  of  the  origin  and  nature  of  the 
banded  green-schists  at  Marquette.  On  the  high  plateaus  of  Utah, 
which  form  one  of  many  similar  districts,  conditions  are  plainly  seen 
to  have  prevailed  quite  similar  to  those  here  assumed  for  the  more 
ancient  rocks  of  Lake  Superior^  and  yet  the  metamorphism  which  has 
taken  place  in  the  ancient  Archean  deposits  is  hardly  greater  than 
that  described  by  Captain  Dutton  in  the  tertiary  tuffs. 

The  most  generally  accepted  type  of  diabase  tuffs  is  the  German 
"  Schalstein  -^  but,  as  Bosenbusch  well  remarks,^  in  the  course  of  many 
years  so  many  totally  different  rocks,  with  only  the  most  superficial  re- 
semblance to  each  other,  have  been  described  under  this  designation, 
that  there  is  now  no  definite  meaning  whatever  which  can  be  attached 
to  this  term.  The  schalsteins  are  for  the  most  part,  green  or  greenish 
in  color,  earthy  and  schistose ;  but  amoug  them  have  been  included 
altered  and  foliated  diabases  on  the  one  hand,  and  true  sediments  on 
the  other,  while  some  of  them  are  undoubtedly  true  diabase  tuffis.  In 
Germany  their  distribution  is  very  wide  in  Nassau,  Saxony,  and  Ba- 
varia. 

The  microscopic  sections  of  German  Schalsteins  accessible  to  me  for 
comparison  were  those  in  the  Stiirtz  collection  of  typical  rocks  belong- 
ing to  the  petrographical  laboratory  of  the  Johns  Hopkins  University. 
They  are  from  the  localities  of  liUbeland  in  the  Hartz  Mountains,  and 
Diez,  Baldinnstein,  Dillenburg,  and  Weilburg  in  Nassau.  In  spite  of 
extreme  alteration,  resulting  in  several  cases  in  the  survival  of  only 
chlorite,  calcite,  and  iron  oxide,  it  can  be  distinctly  seen  that  the  speci- 
mens were  originally  totally  different.  The  rocks  from  Diez,  Dillen- 
burg, and  two  out  of  the  three  labeled  Weilburg,  are  only  very  amyg- 
daloidal  diabcses.  The  structure  in  the  base  is  well  preserved,  while 
the  amygdnles  are  filled  with  calcite  surrounded  by  a  rim  of  chlorite. 
The  rock  from  Biibeland  is  apparently  of  the  same  nature,  but  the  origi- 
nal structure  has  now  disappeared.  In  the  specimen  from  Baldinnstein 
and  in  onefirom  Weilburg  there  is  no  indication  of  diabase  structure, 
but  there  is  a  spheroidal  aggregation  resembling  that  seen  in  palagonite. 

1  Mikros.  Physiog.,  2d  ed.,  yoL  2,  p.  245. 
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The  most  extended  descriptions  of  these  rocks  have  been  given  by  Giim-^ 
bely  who  has  treated  the  schalsteins  of  the  Fichtelgebirge  in  Bavaria  in  a 
most  careful  manner.^  Bothpletz  has  described  the  taffs  and  agglom- 
erates associated  with  the  Silurian  diabases  in  Saxony.^  In  Great 
Britain  the  ancient  volcanic  areas  of  Cornwall  and  St.  David's  in  Wales 
show  the  closest  similarity,  both  in  the  character  of  their  rocks  and  in 
certain  features  of  their  structure  to  the  Marquette  region.  The  slaty 
blue  **  elvans  ^  of  the  former  district  were  regarded  by  De  la  Beche  as 
altered  ash-beds.^  J.  Arthur  Phillips  arrived  at  the  same  conclusion.^ 
He  says : 

The  ConuBh  rooks  afford  numerous  examples  of  ancient  lava  flows  so  interbedded 
with  slates  and  schists  of  the  diatrict  as  to  lead  irresistibly  to  the  conclusion  that 
they  are  contemporaneous  ingeons  deposits. 

Also  again : ' 

The  slaty  blue  elvans  found  between  St.  Erth  and  St.  Stephens  (in  Bramwell)  have 
a  chemical  composition  identical  with  that  of  the  altered  dolerites,  and  may  be,  as 
was  formerly  suggested,  highly  metamorphosed  ash-beds. 

The  basic  tufts,  like  the  acid  ones,  occurring  at  St.  David's  have  been 
described  by  Dr.  A.  Geikie.^  He  finds  that  all  varieties  of  texture  can 
be  traced,  from  large  grained  breccias  to  fine  schistose  mudstones.  The 
finer  material  includes  angular,  subangular,  and  rounded  blocks  or 
lapilli,  consisting  not  alone  of  diabase,  but  also  of  the  more  acid  felsitic 
rocks.  These  are  true  agglomerates,  and  their  striking  resemblance  to 
certain  other  of  the  schistose  greenstones  of  the  Marquette  belt  will 
be  alluded  to  in  the  sequel. 

The  eruptive  rocks  which  Dr.  Hans  Eeusch  has  recently  studied  in 
the  regionally  or  dynamically  metamorphosed  district  on  the  west  coast 
of  Norway,  present  a  close  resemblance  to  those  occurring  near  Mar- 
quette,'' He  finds  diori  tes,  in  part  very  schistose,  which  have  originated 
through  the  metamorphism  (uralitization  and  epidotization)  of  ancient 

*  CreogDOstische  Besohreibang  dea  Fiohtelgebirges,  mit  dem  Fraukenwald  und  dem  westlicbeD  Vor- 
lande,  Gotha,  1870,  pp.  222  et  seq. 

*Erl.  vurgeoL  SpecUdk.  Sachsens,  Sect.  Fnuikeiiberg-Hai]iiohen(78),  pp.  16  and  21 ;  S«ot.  Scbellenberg- 
Floh*  (87),  p.  66. 

■G«olofcical  Observer. 

^  Quart.  Joar.  GeoL  Soo.  London,  vol.  34,  p.  493. 

•Ibid,  p. 495. 

*Qoart.  Joar.  G«oL  Soo.  London,  vol.  39,  p.  297, 1883. 

'Geologisobe  Beobaohtangep  in  einem  regions i-metamorpbosirten  Gebiet  am  HardangcrQord  in 
5orweg«i,  Kenes  Jabrbacb  fiir  Mineral.,  Beilage-Band  5,  pp.  52-67.  On  pages  54, 55  tbe  autbor  says : 
Nidit  selten  seigt  das  dioriUscbe  Gosteiu  einen  sobicbtenweisen  Wecbsel  von  verschiedenen  Varie- 
titen.  In  diesem  FaUe  bin  ich  goneigt,  anznnebmen,  dasa  das  urspranglicbe  Gestein  nacb  Art  <ler 
Taflegebildet  wnrde.  Dies  gesohicbtete  dioriUscbe  Gestein  bildet  einen  Uebergang  xu  den  grilnlicbeu 
feinkomigen  oder  dicbten,  gescbicbteten,  mebr  oder  weniger  scbieferigen  Gesteinsarten,  Avelche  die 
Haaptmasse  ron  dem  aosmac^en,  was  icb  ftir  basiscbe  Tnffe  balte.  Diese  Gesteiue  fiibreu  als  wosent- 
tiebe  B^standtbeUe  Hornblende,  Cblorlt  and  Epidot,  daneben  gern  reicblicb  Carbouspath.  Sie  out- 
^recben  einigerma»sen  den  Scbalsteinen  der  deatsoben  Petrograpben.  Eingelagert  komraou  Masacu 
vor,  die  man  am  ebesten  fiir  geflossene  Strome  balten  muss.  Einige  sind  wobl  ancb  intrusive  Gango. 
Uelraigeiis  ist  es  bier,  wie  anderawo  unter  abnlicben  YerbUltnissen,  oft  scbwierig  zu  uiiterschcideu 
was  maasig  erstarrt  and  was  klastisobe  Bildang  ist.  For  tbe  detailed  descriptions  of  these  rocks  by 
Br.  Reaacb,  see  "itorameloen  og  Karmuen,"  Cliriatiania,  1888  (in  Daniab),  p.  112,  an<l  tbe  appended 
gag^t^  snmmuy  of  contents,  p.  402. 
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gabbros.  These  are  most  intimately  associated  with  granites  and  quartz 
por[»liyrte8T  while  both  acid  and  basic  rocks  are  accompanied  by  abun- 
dant tuff  deposits. 

In  America  hardly  anything  reliable  has  been  published  on  basic  tuffs. 
Edward  Hitchcock  speaks  of  diabase  tuffs  in  the  trias  of  Massacha- 
setts,  but  gives  nothing  specific  respecting  their  nature.'  Beferences 
to  this  €la8s  of  deposits  are  scattered  through  the  writings  of  some  of 
thtt  Canadian  geologists,  especially  in  the  recent  report  of  Mr.  A.  C. 
Lawson  oti  tlie  Lake  of  the  Woods  region.* 


J  Geulojry  of  Masnachusetts,  4°,  1841,  p.  648. 

>  OmL  and  Nat  Hist.  Sarvey  Canada,  Ann.  Kept  for  1885,  Rept.  CO.,  1886. 
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CHAPTEB    V. 

GREENSTONE  BELTS  OF  THE  MARQUETTE  DISTRICT—Continued. 
BOCKS  OP  THE  SOUTHERN  PORTION  OP  THE  MARQUETTE  AREA. 

Oq  the  south  side  of  the  narrow  band  of  Hnronian  slates  which  has 
been  designated  as  the  ^^  Eureka  Series,"  the  greenstones  of  the  Mar- 
quette area  present  a  decided  contrast  to  those  which  have  been 
described  in  the  previous  section  as  occurring  on  its  north  side.  They 
are,  for  the  most  part,  massive,  pale  green  in  color,  and  apparently 
homogeneous  in  structure.  Only  in  rare  instances  can  individual  min- 
erals be  detected  with  the  unaided  eye.  A  schistose  structure  is  not 
uncommon  in  these  rocks,  but  it  is  evidently  a  pressure  foliation,  while 
the  parallel  banding  or  striping,  so  frequent  in  the  greenstones  of  the 
northern  area,  is  altogether  absent.  A  study  of  these  pale  green 
aphanitic  greenstones  seems  to  indicate  that  they  were  not  originally 
to  any  great  extent  tuff  deposits,  but  massive  flows  of  diabase,  which 
have  since  suffered  profound  chemical  and  structural  change  in  conse- 
qaence  of  having  been  subjected  to  intense  dynamical  action. 

In  addition  to  their  foliation,  they  are  fractured  and  brecciated  in 
various  degrees,  and  often  exhibit  a  curious  spheroidal  or  lenticular 
parting,  for  which  no  perfectly  satisfactory  explanation  has  been  found. 

The  monotony  of  these  prevailing  aphanitic  greenstones  is  inter- 
rupted by  bands  of  more  coarsely  crystalline  and  less  altered  rocks, 
which  represent  basic  dikes  of  more  recent  origin. 

THE  APHANITIC  GREENSTONES. 

The  general  character  of  these  widely  distributed  rocks  as  seen  under 
the  microscope,  is  shown  in  PI.  X,  flg.  2,  drawn  from  a  specimen  col- 
lected near  the  town  of  Negaunee,  where  this  type  is  developed  even 
better  than  near  Marquette.  In,  the  mass  which  appears  to  the 
unaided  eye  as  quite  homogeneous,  the  microscope  discloses  long, 
almost  acicular  feldspar  crystals,  embedded  in  a  confused  aggregate  of 
hornblende  needles,  chlorite  scales,  epidote,  quartz,  calcite,  and  cloudy 
spots,  probably  derived  from  leucoxene.  The  feldspar  in  these  rocks 
is,  as  a  rule,  fresh,  and  their  twinning  lamellae  are  still  distinctly  visible. 
&ome  of  the  more  acicular  crystals  seem  divided  at  the  ends,  as  is  so 
often  the  case  in  semi- vitreous  surface  rocks  whose  feldspar  microliths 
are  not  completely  formed.  Indeed,  in  many  of  their  characters,  these 
aphsmitic  greenstones  strongly  resemble  porphyrites  or  melaphyres 
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whose  glassy  base  has  been  completely  transformed  into  an  aggre^te 
of  secondary  products.  Tneir  strncture,  imperlfectly  preserved  as  it  i8y 
strongly  iodicates  a  superficial  origin. 

As  typical  representatives  of  these  homogeneous  pale  green  rocks 
may  be  mentioned :  Ko.  11638,  from  the  mouth  of  Whetstone  Brook, 
just  south  of  Marquette;  Nos.  11725  and  11726,  from  the  summit  of 
the  hill  immediately  south  of  the  last  locality;  No.  11694,  collected 
about  an  eighth  of  a  mile  south  of  the  State  road  on  the  line  between 
the  southeast  and  southwest  quarters  of  Sec.  27,  T.48N.,  R.  25  W.;  and 
No.  11721,  from  south  of  the  township  road,  on  the  line  between  Sees. 
27  and  28,  T.  48  N,,  R.  25  W. 

These  aphanitic  greenstones  appear  to  have  been  particularly  gensi- 
tive  to  dynamic  action.  We  find  locaUy  developed  in  them  every  de- 
gree of  pressure  foliation  from  a  coarse,  sliokensided  breccia  to  a  chlo- 
rltic  slate.  The  cleavage,  however,  is  developed  parallel  to  a  line  rather 
than  parallel  to  a  plane,  as  is  the  case  with  a  true  bedding.  There  is  a 
tendency  to  break  into  rhomboidal  prisms  or  along  almost  any  plane 
which  is  parallel  to  the  average  direction  of  dip. 

No.  11696  is  a  much  gashed  and  brecciated  greenstone  which  adjoins 
on  the  north  an  uralite  diabase  dike,  No.  11695  (see  p.  169).  It  is  both 
schistose  and  chloritic,  but  its  microscopical  structure  shows  plainly 
that  it  was  once  a  diabase,  and  that  its  present  character  is.  due  en- 
tirely to  the  action  of  some  great  mechanical  force.  The  typical  ophitic 
structure  or  irregular  network  of  lath-shaped  feldspar  crystals  is  still 
readily  discernible.  The  mechanical  action  seems  to  have  been  rather 
a  stretching  than  a  compression.  The  feldspar  crystals,  which  are  con* 
siderably  altered,  are  broken  and  the  fragments  pulled  apart.  The 
secondary  chlorite,  so  common  in  all  stretched  rocks  (cf.Pl.  XI,  fig. 
2),  is  here  abundant  in  the  numerous  longitudinal  cracks,  which  traverse 
the  rock  irrespective  of  its  component  minerals.  This  is  always  ar- 
ranged with  its  scales  or  fibers  perpendicular  to  the  walls  of  the  fissure. 

In  addition  to  such  brecciated  rocks  as  the  last  specimen,  very  per- 
fcctly  schistose  varieties  of  these  aphanitic  greenstones  are  common  in 
the  southern  part  of  the  Marquette  area,  their  strike  conforming  to  that 
of  all  the  other  rocks  of  this  region.  These  are  typically  exposed  at 
the  mouth  of  Whetstone  Brook  (Nos.  11639  to  11643) ;  in  the  railroad 
cutting  just  west  of  it  (No.  11645);  on  the  high  hill  still  farther  west- 
ward (No.  11726);  and  in  the  Duluth,  South  Shore  and  Atlantic  Bail- 
road  cutting  just  north  of  the  Marquette  sandstone  quarries  (No.  11691). 

For  the  most  part,  these  rocks  are  a  fine  chloritic  mass,  which,  under 
the  microscope,  shows  a  pronounced  schistose  structure,  but  only  rarely 
any  certain  indications  of  eruptive  origin.  Very  faint  but  unmistak- 
able traces  of  the  ophitic  structure  are  neveitheless  sometimes  visible 
even  in  these  rocks,  as,  for  instance,  in  No.  11726,  which  was  entered 
in  the  field  notes  as  a  ^'  slaty  baud  traversing  the  massive  greenstones 
above  Whetstone  Brook.'' 
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The  history  of  these  schistose  greenstones  must  be  deciphered  with 
the  conjoint  evidence  afforded  by  the  microscope  and  a  stady  of  their 
relations  in  the  field.  The  occasional  survival  of  the  characteristic 
diabase  structure  even  in  some  of  the  more  foliated  forms,  taken  in 
connection  with  their  evident  identity  with  and  gradual  transition  into 
the  massive  varieties,  appears  to  be  suflicient  proof  that,  with  the 
exception  of  certain  unimportant  tuff  deposits,  these  green  schists  have 
been  derived  from  basic  eruptives  through  the  agency  of  intense  me- 
chanical and  chemical  action. 

The  closest  analogy  to  the  rocks  of  the  southern  Marquette  green- 
stone area  is  to  be  found  in  the  metamorphosed  diabases  of  the  eastern 
Hartz.  These  rocks  have  been  minutely  studied  and  for  the  first  time 
sn'ccessfolly  deciphered  by  K.  A.  Lossen,  of  Berlin.  His  descriptions 
could  be  applied  almost  verbatim  to  the  Marquette  greenstones ;  and 
each  of  these  two  similar  areas  can  but  have  additiopal  light  thrown 
upon  its  interpretation  by  the  facts  afforded  by  the  other.^  Lossen  dis- 
tinguishes between  the  coarse  grain^  or  granular  (kornig)  and  the 
fine  grained  (aphanitisch)  diabase,  as  has  been  done  in  the  area  here 
under  discussion.  He  finds  that  both  rocks,  but  especially  the  apha- 
Ditic  type,  are  very  sensitive  to  dynamic  action,  and  that  in  the  process 
of  mountain  making  they  have  been  to  a  large  extent  passively  meta- 
morphosed and  converted  into  breccias,  ^^Flaser"  diabase  and  green 
schists.  The  last  named  *' grilne  Schiefer  "  are  of  particular  interest 
to  us  on  account  of  their  resemblance  to  the  schistose  rocks  of  the 
southern  Marquette  area.  In  the  Hartz  they  make  a  conformable  mem- 
ber of  the  Wieder  schists  (hercynian)  which  are  of  very  considerable  ex- 
tent and  are  always  associated  with  the  aphanitic  diabase.  The  minute 
and  careful  studies  of  Lossen  have  led  him  to  the  conclusion  that  these 
schists  are  not  in  any  way  sediments  nor  even  diabase  tuffs  ("  Schal- 
steiue'*),  but  molecularly  metamorphosed  eruptive  rocks,  of  a  fine 
grained  diabase  type.^  The  more  massive  rocks  are  considered  to  rep- 
resent old  lava  flows  which  occurred  while  the  accompanying  sedi- 
ments were  being  deposited,  and  the  idea  that  the  green  schists  of  the 
Wieder  horizon  were  once  also  massive  diabases,  is  based  both  upon 
the  field  relations  of  these  rocks  and  more  especially  upon  the  frequent 
remains  of  the  diabase  structure  which  they  still  contain. 

The  published  descriptions  of  many  other  green  schist  areas  in  En- 
rope— notably  in  Bavaria,  Saxony  and  the  Tauuus— show  that  they 
possess  a  strong  resemblance  to  those  of  Michigan  and  the  Eastern 
Hartz,  and  it  is  not  improbable  that  they  also  may  have  had  a  similar 
origin. 

>Tbe  descriptions  of  Lossen  are  contained  in  the  explanatloDS  to  the  special  geological  map  of  Pras- 
liaflBd  Tfanriogia  (Brlftataronicdn  sor  geologischen  Sj^ecialkarte  yon  Preossen  nod  den  thiiringischen 
Slaaton)  sheets  Pansfelde  (1882),  and  Wippra  (1883). 

'''Die  mUcroskoplsohe  Untersnchang  oharacteristischer  Vorkommen  dieser  tjpisohen  Diabas- 
spkaaitsBi  ▼ergeaellsehafleten  grttnen  Schiefer  hat  ergeben,  dass  sie,  wenn  nioht  insgesamni,  dooh 
grossfithcjila  als  unUr  Drucktehii/4runglmoleciUar  umgewandeUe  Diabcue  aafztiDssseu  sind.'*  Ibid., 
BL  Wlppt%  pw  27 ;  (ot  also  p.  iO  and  BL  Pansfelde,  p.  52). 
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A  noteworthy  feature  of  the  aphanitic  greeastoaes  and  greenstone 
schists  of  the  southern  Marquette  area,  and  one  which  is  exhibited  in 
a  stilt  ttiore  marked  degree  by  the  similar  rocks  occurring  near  the 
town  ul  Negaunee  (see  the  following  section),  is  their  frequent  division 
into  .^iiheroidal,  ovoid,  lenticular  or  more  irregularly  shaped  masses. 
Thesi*  il lifer  very  much  in  size,  as  well  as  form,  and  often  show  a  tend- 
ency U^  fit  together  like  stones  in  a  mosaic,  although  they  are  always 
separateil  by  interlacing  bands  of  a  softer,  more  schistose  and  gener- 
ally d:u  ker  material.  These  anastomosing  bands  seem  to  wind  about  the 
liiirtler  iiiid  more  massive  cores,  becoming  thinner  or  thicker  according 
as  tht^  masses  approach  each  other  more  closely,  or  are  more  widely 
separat  ed  by  the  rounding  off  of  their  comers.  This  peculiar  struct- 
ure, wliich  appears  to  be  only  local  in  its  development,  may  be  seen  »t 
the  mniith  of  Whetstone  Brook  in  Marquette,  near  Baldwin's  kilns,  near 
I^eirauuee  (NE  J  of  NW  J  of  Sec.  28  W.,  T.  48  N.,  E.  26  W.),  and  on  the 
south  Hide  of  the  Carp  River  along  the  logging  road  leading  northward 
from  the  east  end  of  Teal  Lake.  The  accompanying  diagram  (Fig.  26), 
drawn  from  the  last  named  exposure,  illustrates  the  general  charact^er 
of  this  structure. 


Ft  1 ,  2&.— Dhtfcram  to  illoatrate  spheroidal  parting  in  aphanitio  greenstone.    Carp  Rirer. 
Scale,  3  feet  to  the  inch. 

TIk'  i*ores  generally  seem  to  be  quite  massive,  but  in  some  cases  they 
have  a  latent  foliation  which  is  developed  by  weathering.  Where  the 
rcick  hag  become  decidedly  schistose,  as  was  observed  in  one  part  of 
the  Ciirp  River  exposure,  these  cores  are  pulled  out  into  long  interlock- 
ing leiise.s,  wliich  have  their  longest  axes  parallel  to  the  foliation.  (See 
Fig,  27,  p.  177.) 

Sunh  a  structure  as  that  above  described  appears  to  be  not  uncom- 
raon  in  the  greenstones  and  greenstone  schists  of  the  Northwest.  It 
is  well  known  to  the  Canadian  geologists,  who  have  designated  the 
rocks  exhibiting  it  as  "concretionary  traps."  It  is  described  by  Dr. 
AiHlrow  C.  Lawson,  in  his  report  on  the  Lake  of  the  Woods,  in  the  fol- 
lowing ti^rras: 

This  structure  consists  of  the  rock  being  divided  into  more  or  less  irregularly  spheri- 
cal at  Dvold  masses,  varying  in  diameter  from  2  to  3  inches  to  as  many  feet.  These 
ovoid  niaiaes  are  not  in  close  contact,  but  are  separated  f rom  oMe  another  by  an  in- 
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tetstitiftl  material.  The  concretionary  masses  are  at  their  points  of  nearest  approx* 
imation  to  each  other,  generally  about  half  an  inch  or  an  inch  apart,  no  matter  what 
may  be  their  size,  so  that  when  the  ovoid  masses  are  large,  the  interstitial  material 
appears  in  section  as  thin,  anastomosing  sheets,  in  which  is  developed  a  schistoslty 
parallel  to  the  ontliues  of  the  ovoid  masses  they  inclose.  The  inter<)titial  filling  is  gen- 
erally of  a  darker  color,  more  chloritic,  Bofter,and  of  a  finer,  more  homogeneous  texture 
than  the  ovoid  masses,  and  weathers  out,  often  leaving  the  latter,  in  sections  afforded 
by  glaciated  surfaces,  snrrounded  by  sharp  little  trenches. 

The  ovoid  masses  are  uniformly  arranged  as  regards  the  direction  of  their  long  axes, 
and  each  one  is  snrrounded  by  a  sharp  border  half  an  inch  wide,  of  a  dark  greenish 
gray  color,  which  has  been  more  resistant  to  weathering  agencies  than  the  rest  of 
the  rock.  The  ovoid  masses  present  as  the  result  of  weathering  a  rough  or  pimpled 
sarface  of  porous  aspect  and  bleached  greenisli  white  color.  The  interstitial  filling 
is  firmer  in  texture  and  softer  than  either  the  ovoid  masses  or  their  border,  and  is 
intermediate  between  them  in  color,  with  a  brownish  yellow  tinge. 

In  the  hornblende  schists  this  ovoid  structure  in  the  rock  takes  a  somewhat  different 
aspect,  and  presents  the  appearance  of  thin  anast6mo8ing  sheets  of  dark  green,  soft 
chloritic  materia],  sometimes  enveloping  completely  ovoid  or  irregularly  shaped  por- 
tions ot  the  hornblende  schist,  anil  at  others  losing  themselves  in  a  tapering,  dis- 
connected fashion  in  the  main  mass  of  the  rock.' 

It  is  evident  upon  the  most  saperficial  examiDation  that  this  stract- 
ure  18  in  no  way  "  concretionary,'^  as  that  term  is  commonly  under- 
stood. Nor  is  it  possible  to  suppose  that  the  harder  ovoid  masses  were 
originally  ejected  fragments,  which  have  become  imbedded  in  a  finer 
matrix  of  volcanic  material  forming  a  true  agglomerate.  A  sufficient 
objection  to  this  hypothesis  is  the  fact  that  these  harder  masses  so 
frequently  fit  together  like  parts  of  a  mosaic. 

In  many  instances  the  spherical  or  ovoid  form  of  the  disjointed 
fragments  is  so  perfect  that  the  structure  strongly  resembles  the 
spheroidal  parting,  developed  in  a  latent  form  in  eruptive  rocks  by 
cooling,  and  made  more  distinct  by  weathering.  Tuis,  which  is  really 
a  perlitic  structure  on  a  large  scale,  frequently  extends  through  large 
masses  of  eruptive  material ;  and  the  descriptions  and  photographs 
kindly  furnished  the  writer  by  Mr,  Whitman  Cross,  who  has  studied  it 
in  Colorado,  indicate  many  points  of  striking  resemblance  to  the  struct- 
ure of  the  Lake  Superior  greenstones.  It  is  quite  possible  that  the 
phenomenon  may  in  certain  cases  be  due  to  contraction,  although  in 
others  the  irregular  shape  of  the  fragments,  as  well  as  their  occurrence 
in  fragmental  rocks,  indicates  another  origin. 

A  structure  showing  many  points  of  resemblance  to  that  here  de- 
scribed is  presented  by  the  well  known  green  schists  (grttne  Schiefer), 
occurring  near  Hainichen,  in  Saxony,  and  the  explanation  afforded  by 
the  study  of  their  very  favorable  exposures  may  assist  our  understand- 
ing of  the  parting  in  the  Lake  Superior  greenstones.  The  fragments 
of  the  Saxon  green  schists,  in  spite  of  the  great  difference  in  their  size 
(varying  from  that  of  a  pea  to  that  of  a  house),  are  so  rounded  that  they 
were  formerly  regarded  by  C.  F,  Naumann  as  a  conglomerate.^    Never- 

'6«oL  jmd  Kat.  Historv  Sarvey  of  Canada,  Annaal  Report  for  1885  (new  series,  Vol.  1);  Report 
CC  OD  tii^  Lake  of  the  Woods,  by  A.  ,C.  Lawson,  pp.  62, 53. 
* KrUlatenuigen  eut geogn.  Earte des Ednigreiohs Sachsen,  pt.  1, 1834,  p.  09.  (     ^r^^lr^ 

Digitized  by  VjOO  V  IC 


168  GREENSTONE    SCHIST   AREAS   OP   MICHIGAN.  Ibijld.«1 

tbeless  their  fitting  together  convinced  subsequent  observers  that  the 
structare  must  be  due  to  brecciation  in  situ.*  These  rocks  have  more 
recently  been'c5arefully  studied  by  A,  Rothpletz,  who  was  able  to  trace 
the  structure  downward  into  a  series  of  interlacing  joints,  and  who  ex- 
plains the  rounded  character  of  the  fragments  and  the  production  of 
much  of  the  interstitial  material  by  the  rubbing  together,  under  the 
action  of  intense  orographic  pressure,  of  a  mass  already  finely  subdi- 
vided by  cracks.  Fig.  4  of  Bothpletz's  plate  gives  a  fair  representation 
of  some  of  the  Lake  Superior  occurrences.* 

The  hypothesis  of  the  mechanical  origin  of  this  curious  parting  in  the 
greenstones  and  greenstone  schists  seems  best  to  explain  the  following 
facts: 

(1)  Its  occurrence  in  fragmental  rocks. 

(2)  The  often  very  irregular  shape  of  the  fragments. 

(3)  The  interiocking  of  the  same  into  a  mosaic. 

(4)  The  fact,  noticed  by  Lawson,  that  the  thickness  of  the  interstitial 
layer  is  independent  of  the  size  of  the  fragments. 

(5)  The  fact,  also  noticed  by  the  same  observer,  that  the  interstitial 
layer  in  homeblende  schists  often  loses  itself  in  the  rock  without  com- 
pletely  surrounding  a  fragment. 

(6)  The  identity  in  petrographical  character  of  all  the  cores  in  the 
same  mass. 

(7)  The  similarity,  except  where  it  is  more  altered,  of  the  interstitial 
material  to  that  forming  the  ovoid  cores.  At  the  Carp  River  locality 
(see  p.  176)  the  cores  contain  small  white  feldspar  crystals,  which  are 
also  present  in  the  layers  which  separate  them. 

COABSB  OBAIKED  DIKE  ROCKS. 

The  fine  grained  aphanitic  greenstones  and  greenstone  schists  which 
prevail  over  the  southern  Marquette  are^  are  intersected  by  many  bands 
of  coarser  material  whose  eruptive  character  is  still  evident  in  their 
microscopic  structure.  These  represent  later  dikes  of  a  basic  character 
which  have  broken  through  the  older  rocks,  and  which  on  account  of 
their  more  recent  eruption  are  less  altered.  One  of  the  most  typical  of 
these  is  exposed  on  the  .small  island  near  the  end  of  the  Cleveland  ore 
dock  in  Marquette.  This  small  island  consists  of  two  portions  con- 
nected by  a  narrow  neck.  The  southern  part  is  composed  of  a  hard, 
compact,  brown  rock,  which  is  sometimes  quite  coarse  grained  or  por- 
phyritic.  Its  color  and  the  abundance  of  epidote  which  is  macroscop- 
ically  visible  indicate  extensive  alteration.  Under  the  microscope  a 
specimen  from  this  locality,  No.  11649,  is  seen  at  a  glance  to  be  a  typ- 
ical diabase.    Although  every  vestige  of  the  original  pyroxene  has  been 

>  Kaamann :  ErlKutemngen  der  geogn.  Karte  der  UmgegeDd  von  Hainiohen  im  KSnigr.  Sachaen 
1871.  p.  11.  Knd.  Credner:  Das*  Qrunschiefersystein  von  Hainiohen,  Zeitsohr.  fiir  die  geaanimton, 
Natorwisg.,  vol.  47^  p.  127. 1876w 

'Ueber  mechanische  Gesteinsnmwandlnngen  bei  Hainiohen  in  Sacheen,  part  2.  Zeilachr.  Beutaoli. 
geoL  Oeaell.,  vol.  31,  pp.  374-397.    PL  IX,  1879. 
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replaced  by  a  finely  fibrous  greeu  hornblende  (uralite),  yet  tbe  char- 
aeteristic  ophitic  or  diabase  structure  is  still  perfectly  preserved.  The 
lath-shaped  feldspar  crystals  are  but  slightly  altered  and  the  spaces 
between  them  are  as  sharply  defined  as  when  the  rock  first  solidified. 

The  northern  portion  of  this  little  island  shows  the  same  diabase  in  a 
much  more  altered  form.  Therock  has  a  palegreenish  color,  and,  though 
quite  massive  in  the  center,  is  schistose  on  either  side. 

Nos.  11651  and  11652,  the  former  from  the  massive  and  the  latter  from 
the  schistose  portion  of  this  rock,  offer  additional  examples  of  the  fact  so 
frequently  observed  in  the  Menominee  Biver  greenstones,  viz,  that  the 
feldspar  of  those  rocks  which  have  been  subjected  to  the  greatest  pres- 
sure is  more  broken,  but,  as  a  rule,  less  altered  than  that  in  rocks  which 
have  experienced  less  violent  mechanical  action.  Both  of  these  speci- 
mens show  positive  evidence  in  their  structure  that  they  were  once 
diabases.  In  both  the  ophitic  arrangement  of  the  constituent  minerals 
is  still  distinct,  but  in  the  more  massive  rock  the  chemical  alteration  has 
progressed  much  further  than  in  the  other.  Here  the  lath-shaped  feld- 
spar crystals  are  preserved  in  outline  by  thjB  various  secondary  prod- 
acts  which  supply  their  place.  Fibrous  hornblende  and  leucoxene  are 
abundant  and  nowhere,  in  either  the  thin  section  or  hand-specimen,  is 
there  visible  any  parallelispi  of  arrangement  among  the  components. 
In  the  schistose  rock,  on  the  other  hand,  chlorite  has  largely  replaced 
tbe  hornblende,  but  the  feldspar  is  almost  unaltered.  The  long,  lath- 
shaped  crystals  are  broken  and  faulted — ^the  fragments  of  asingleindi- 
vidoal  often  being  separated  a  considerable  distance — but  in  spite  of 
this  the  substance  is  as  fresh  and  the  twinning-lamellse  are  as  sharp  as 
in  a  recently  solidified  rock.  Few  better  examples  could  be  found  of  the 
evident  action  of  pressure  upon  a  solid  rock  mass.  There  has  been  a 
crushing  and  a  consequent  development  of  schistose  structure  which 
the  microscope  reveals  with  great  distinctness.  Along  lines  where  an 
actual  slipping  took  place,  fibrous  hornblende,  chlorite,  and  calcite  have 
been  quite  abundantly  developed. 

No  more  typical  exposure  of  the  greenstones  of  the  southern  Mar- 
quette area  can  be  found  than  that  seen  in  the  high  hill  which  rises 
between  Whetstone  Brook,  the  State  road,  and  the  railroad.  (D  on  the 
map,  PI.  Yll.)  The  freshest  rock  obtained  from  the  summit  of  this  hill, 
No.  11724,  is  one  of  the  best  preserved  diabases  found  anywhere  south 
of  the  Bnreka  series.  The  feldspar  is  perfectly  fresh  but  is  much 
broken  and  faulted,  as  in  the  specimen  (No.  11652)  last  described.  The 
ioterstices  between  the  fragments  are  filled  with  chlorite.  The  allo- 
triomorphic  pyroxene  is  now  largely  replaced  by  paramorphic  horn- 
blende,  although  cores  of  the  original  mineral  are  not  infrequent  in  the 
center  of  the  hornblende  areas.  Apatite,  ilmenite,  and  leucoxene  are 
also  present. 

Nos.  11646,  from  the  southwest  corner  of  the  railroad  crossing  on  Front 
street,  Marquette  (see  on  the  map,  PI.  VII.),  and  11695,  collected  just 
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north  of  the  state  road  (in  the  center  of  Sec.  27  T.  48  N.,  E.  25  W.),  are 
also  well  defined  uralite  diabases.  In  both  the  stractnre  is  still  intact 
and  the  feldspars  are  generally  well  preserved, though  theangite  is  wholly 
nralitized.  One  rock  of  exceptional  character  (Sol  11687)  which  oc- 
cars  within  the  limits  of  the  southern  Marquette  area,  must  not  be 
passed  over  without  notice.  This  outcrops  in  a-small  exposure  at  the 
eud  of  the  road  leading  westward  from  Alarquette  to  the  Eureka 
shaft,  about  two  miles  from  the  city  (see  map,  PI.  VII).  It  is  of  a  light 
brownish  color,  and,  in  spite  of  an  advanced  state  of  chemical  altera- 
tion, it  shows  plainly  the  effects  of  great  pressure.  It  appears  once 
to  have  been  a  gabbro,  very  similar  to  that  occurring  at  Sturgeon 
Falls,  on  the  Menominee  Biver  (see  p.  67),  but  now  its  original  compo- 
nents and  structure  have  both  disappeared.  Interlacing,  lenticular 
areas  produce  a  decided  ^^microflaser"  structure,  which,  in  places, 
even  resembles  the  fluidal  appearance  of  certain  vitrophyres.  The  min- 
erals now  present  are  a  very  pale  chlorite  filled  with  sharp  epidote  or 
zoisite  needles,  saussurite,  quartz,  calcite,  ilmenite,  leucoxene  grains, 
and  winding  bands  of  a  clear,  brown,  isotropic  substance  which  looks  like 
opal.  This  rock  appears  much  shattered  in  the  field  and  it  is  in  imme- 
diate contact  with  the  thin,  fissile  schists  in  which  the  Eureka  shaft  is 
sunk. 

ORBENSTONES  SOUTH  OF  THE  QUARTZITE. 

Some  distince  south  of  the  Carp  River,  in  the  west  half  of  the  NW. 
i  Sec.  6,  T.  47  K,  B.  24  W.,  below  the  limestones  and  quartzite,  a  few 
much  contorted  and  altered  greenstones  appear  just  on  the  contact 
with  the  granite  which  incloses  the  Marquette  basin  on  the  south. 

No.  11778  may  still  be  recognized  as  a  diabase,  though  it  now  con- 
tains only  saussurite,  chlorite,  epidote,  quartz,  and  leucoxene. 

Kos.  11774  and  11775  are  from  the  same  greenstone  band,  the  former 
massive,  the  latter  schistosa  They  do  not  resemble  any  other  rocks  in 
the  Marquette  area,  but  they  find  their  analogues  in  certain  remarkable 
rocks  on  the  south  bank  of  the  Carp  River,  where  this  is  crossed  by  the 
road  leading  noithward  from  Teal  Lake  (see  succeeding  section,  p.  175)* 
Sharply  defined  crystals  of  reddish  feldspar  are  imbedded  in  a  bright 
green  mass  of  chlorite  and  serpentine.  The  feldspars,  although  not 
pulled  apart  as  in  rocks  which  have  been  subjected  to  a  stretching,  show 
evidences  of  the  action  of  enormous  pressure.  Remnants  of  hornblende, 
from  which  the  serpentine  was  probably  derived ;  ilmenite,  surrounded 
by  leucoxene ;  and  round  grains  of  bright  red  iron  hydroxide  are  also 
present  in  this  rock.  In  the  schistose  modification,  the  constituents  are 
pulled  out  into  parallel  bands.  The  feldspars  are  lath-shaped  and 
smaller,  and,  without  any  loss  of  sharpness  in  their  outline,  they  are  re- 
placed by  calcite,  which  is  surrounded  by  an  opaque  black  rim.  Cer- 
tain bauds  in  this  rock  are  much  finer  grained  and  present  the  feldspar 
and  hornblende  in  a  much  less  altered  condition. 

Ko.  11779,  from  this  same  locality,  is  one  of  the  best  specimens  any- 
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where  collected  to  show  the  effects  of  rock-stretching.  It  appears  i)nce 
to  have  been  a  granite  porphyry,  bat  is  now  very  schistose  and  is  col- 
ored green  by  the  secondary  chlorite.  Its  groundmass  is  a  felt-like  ag- 
gregate of  sericite,  quartz,  and  chlorite  with  a  perfectly  parallel  arrange- 
ment of  the  constituents.  The  large  porphyritic  feldspar  crystals  are 
mnch  broken  and  pulled  apart,  always  in  the  direction  of  the  folia- 
tion, as  shown  in  PI.  XIY,  fig.  2.  Large  calcite  individuals  are  sur- 
rounded by  bright  green  chlorite,  and  both  of  these  minerals  may  rep- 
resent original  biotite  or  some  bisilicate. 

BOCKS  OP  THE  NEaAUNEE  ABEA. 

As  has  already  been  stated  at  the  beginning  of  the  preceding  chap- 
ter,, two  points  were  selected  for  the  study  of  the  more  western  portion 
of  the  Marquette  greenstone  belt.  One  of  these  was  the  mining  town 
of  Negaunee,  situated  at  the  southeast  corner  of  Teal  Lake,  about 
twelve  miles  west  of  Lake  Superior.  The  town  itself  is  on  the  iron- 
bearing  Huronian  rocks,  south  of  the  greenstone  belt,  whose  south- 
em  edge  skirts  the  northern  shore  of  Teal  Lake.  Both  east  and 
west  of  the  lake  the  greenstones  are  bounded  on  the  south  by  the 
narrow  ridge  of  white  quartzite,  whose  termination  is  Mount  Mesnard. 

From  this  quartzite  two  sections,  three  miles  apart,  were  run  north- 
ward to  the  granite  and  Huronian  rocks,  which  here  divide  the  green- 
stones into  two  separate  areas.  The  more  southern  of  these,  which  we 
will  designate  as  the  Kegaunee  area,  resembles  in  its  general  character 
the  region  south  of  the  Eureka  series  near  Marquette;  while  the  region 
north  of  the  Dead  River,  which  will  form  the  subject  of  the  succeeding 
section,  is  much  more  like  the  northern  Marquette  area. 

The  greenstones  occupying  the  region  north  of  Negaunee  do  not 
occur  in  continuous  exposures,  but  rise  out  of  the  plain  composed  of 
glacial  and  later  deposits  in  the  form  of  rounded  knobs.  Both  the 
longest  axis  of  these  knobs  and  the  approximately  parallel  rows  in 
which  they  are  arranged  follow  the  east  and  west  strike,  common  to 
all  the  rocks  of  this  region.  The  greenstones  are,  for  the  most  part,  of 
the  much  fissured  and  brecciated,  light  green  and  aphanitic  variety, 
described  in  the  last  section.  They  are  also  very  commonly  associated 
with  the  same  coarser  and  more  crystalline  eruptives,  probably  of  a 
much  later  age,  that  we  encountered  south  of  Marquette. 

As  will  be  readily  seen  from  an  examination  of  Dr.  Rominger's  map 
the  Huronian  rocks  around  and  south  of  Negaunee  and  Isbpemiug  are 
also  penetrated  by  numerous  greenstones.  These,  as  a  rule,  resemble 
tiie  more  crystalline  and  later  intrusions  of  the  greenstone  belt  proper, 
and  they  may  have  been  contemporaneous  with  them. 

APHANITIC  GREENSTONES. 

The  main  mass  of  the  greenstone  belt  near  Negaunee  is  composed  of 
the  fine  grained  or  aphanitic  rock  which  has  been  described  in  the  last 
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section  as  characteristic  of  the  refrioii  soath  of  Marquette.  They  be- 
long to  Losseu's  type  of  *'(lichte  Diabase"  and  always  show  more  ad- 
vanced chemical  alteration  than  the  coarser  rocks.  This  is  to  be  ex- 
plained by  their  finer  grain  and  also  from  the  fact  that  they  are  older 
and  have  been  subjected  to  more  dynamic  action  than  the  others.  In 
the  field  these  rocks  are  found  to  be  much  brecciated  and  not  infre- 
queuily  quite  perfectly  foliated.  They  also  exhibit  the  peculiar  spher- 
oidal parting  already  described,  p.  166. 

The  microscopical  appearance  of  a  fair  average  type  of  these  aphanitic 
greenstones  (No.  11747,  from  Baldwin's  Kilns)  is  represented  in  PI.  X, 
fig.  2,  but  they  show  considerable  variation  in  both  structure  and  com- 
position. In  none  is  any  trace  of  pyroxene  now  to  be  found,  and  yet  they 
were  probably  once  typical  diabases.  Their  mineralog^cal  differences  are 
mainly  dependent  on  the  relative  proportions  of  hornblende  and  chloritie. 
The  preponderance  of  one  or  another  of  these  minerals  may  be  attrib- 
uted to  a  more  or  less  advanced  stage  of  chemical  alteration,  but  cer- 
tain differences  in  structure  have  probably  always  existed.  The  grain 
may  vary  considerably  in  its  coarseness,  while  the  long  acicular  feld- 
spar crystals,  so  abundant  in  some  specimens,  are  wholly  wanting  in 
others. 

No.  1 1736  was  collected  on  the  road  from  Negaunee  to  Baldwin's 
Kilns,  just  beyond  the  Carp  River,  from  about  the  center  of  the  SW 
i  of  the  NB  i  of  Sec.  29,  T.  48  N.,  R.  26  W.  It  is  comparatively  coarse 
grained  and  little  altered.  Under  the  microscope  it  appears  as  a  con- 
fused aggregate  of  fibrous  hornblende,  a  cloudy,  opaque,  indetermin- 
able substance  and  some  original  feldspar  whose  crystals  are  much 
broken. 

No.  11744,  obtained  from  an  isolated  knob  of  greenstone,  situated  in 
the  S  W  J  of  the  NB  i  of  Sec.  28,  T.  48  N.,  B.  26  W.,  on  the  longer  road 
to  Baldwin's  Kilns,  about  one  mile  east  of  where  the  last  specimen  was. 
collected,  is  much  like  it  in  appearance  and  microscopic  character. 
The  only  differences  are  due  to  the  more  advanced  alteration  of  the  lat- 
ter rock.    Here  chlorite  is  abundant  and  the  feldspar  hardly  visible. 

No.  11745,  from  the  same  road  as  the  last,  but  much  nearer  the  Kilns, 
shows  the  spheroidal  parting  or  brecciation  in  a  very  perfect  manner. 
The  grain  is  very  fine,  and  the  incomplete  skeleton-like  forms  of  por- 
phyritic  feldspar  crystals  are  numerous.  The  mass  itself  is  now  largely 
chloritie,  but  looks  as  if  it  might  once  have  been  a  finely  porphyritic 
rock. 

No.  11747,  found  at  the  same  locality,  is  the  one  from  which  PI.  X, 
fig.  2,  was  drawn.  It  is  similar  in  structure  to  the  last  specimen,  but 
its  grain  is  coarser,  and  fibrous  hornblende  is  still  abundant  in  its 
groundmass.  The  porphyritic  feldspar  crystals  are  broken,  faulted 
and  separated. 

No.  11748  is  a  schistose  modification  of  11747.  This  rock  has  a  much 
finer  grain  than  the  other,  but  no  evidence  of  schistose  structure  is  ap- 
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parent  onder  the  microscope.  The  chemical  alteration  has  progressed 
so  far  that  hardly  any  of  the  substances  remaining  have  mnch  action 
on  polarized  light;  nevertheless,  faint  traces  of  small  acicular  feldspar 
crystals  are  visible. 

One  massive  greenstone,  No.  11740,  found  just  north  of  Baldwin's 
Kilns,  in  the  NW  J  of  Sec.  21,  T.  48  K,  K.  26  W.,  is  striking  on 
account  of  its  being  mottled  with  round  white  spots  from  5°*™  to  6™°> 
in  diameter.  The  rock  is  somewhat  darker  than  usual  in  a  rim  around 
these  spots,  and  the  whole  effect  is  exactly  that  of  a  variolite.  Under 
the  microscope  the  rock  itself  is  found  to  be  composed  almost  wholly 
of  green  fibrous  hornblende,  together  with  some  opaque  grains  and 
saussurite.  The  round  whitish  spots  are  very  largely  composed  of 
saussorite  or  a  very  fine  mosaic,  in  which  sharply  defined  hornblende 
crystals  are  imbedded.  They  do  not  show  the  least  trace  of  a  radial 
or  sheaf  like  arrangement,  such  as  is  characteristic  of  a  true  variolite. 
These  spots  are  not  unlike  those  found  in  the  banded  greenstones  of 
the  Brook  section  (see  p.  157)  in  their  composition  and  structure,  but 
they  are  very  much  more  regular  and  uniform  in  their  shape. 

Other  specimens  of  ttiese  aphanitic  greenstones,  as  for  instance  Nos. 
U793,  11795,  11796,  and  11797,  collected  along  the  line  of  the  old 
logging  road,  which  leads  from  the  eastern  end  of  Teal  Lake  north- 
ward to  Johnson's  Oamp,  in  the  SB  i  of  Sec.  13,  T.  48  N.,  R.  27  W.,  are 
quite  like  those  above  described  from  the  neighborhood  of  Baldwin's 
Kilns. 

COARSELY  CBT8TALLINB  6RB£N8T0XBS. 

No.  11749,  collected  in  the  extreme  northeast  comer  of  Sec.  21  T. 
48  N.,  E.  26  W.,  northeast  of  Baldwin's  Kilns,  is  an  unusually  beauti- 
fnl  rock.  The  structure  is  coarse  grained  and  rather  granular,  in 
spite  of  the  feldspar  crystals  being  idiomorphic.  The  large  individuals 
of  hornblende  also,  to  some  extent,  have  their  characteristic  crystal 
form.  They  are  frequently  changed  to  chlorite  or  to  fibrous  horn- 
blende, but  still  oftener,  although  bleached  to  a  pale  green  color,  they 
retain  their  compact  texture  and  show  a  twinning  structure.  There 
are  no  present  indications  that  this  rock  ever  contained  pyroxene,  and 
it  is  therefore  to  be  designated  as  a  diorite.  The  hornblende  shows, 
in  the  process  of  its  alteration,  a  curious  tendency, to  concentrate  the 
deep  green  color  around  the  periphery  of  the  crystals ;  also  the  fraying 
out  of  their  edges  into  hornblende  needles  similar  to  those  described 
by  Becke  and  Van  Hise  as  secondary  growths,  produced  by  regularly 
orientated  accretions  of  hornblende  substance.  All  of  these  features 
are  shown  in  Plate  XII,  fig.  1,  which  represents  the  microscopic  ap- 
pearance oif  this  rock.  The  feldspar  is  filled  with  epidote  or  actiiiolite 
needles.  Large  areas  of  bright  green  chlorite  also  occur  which  contain 
sometimes  sharp  epidote  crystals,  but  more  commonly'  fibrous  horn- 
blende.   Leucoxene  after  ilmenite  is  abundant. 
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No.  11739,  from  the  southeasterly  portion  of  the  SW  J  of  the  NW  J 
Sec.  21,  T.  48  K,  R.  26  W.,  just  north  of  Baldwin's  Kilns,  is  a  dioritic 
rock  much  like  the  last,  but  it  is  considerably  more  altered.  The  hom- 
bleade  is  more  fibrous,  the  feldspar  more  saussnritized,  while  the 
original  structure  is  also  beginning  to  suffer. 

No.  11746  was  taken  from  a  well  marked  dike  which  intersects  the 
spheroidally  parted,  aphanitic  greenstones,  near  Baldwin's  Kilns.  Heie 
the  diabase  or  ophitic  structure  is  perfectly  developed,  and  there  is 
no  reason  to  doubt  that  the  pale  green,  fibrous  hornblende,  which  now 
fills  the  allotriomorphic  spaces  between  the  lath-shaped  feldspar  crys- 
tals is  secondary  after  augite.  The  most  interesting  feature  of  this 
rock  is  its  amygdaloidal  structure  which  was  observed  in  no  other  Mar- 
quette greenstone.  Several  small  amygdules  are  filled  with  brightly 
polarizing  epidote,.  while  one  large  circular  cavity,  measuring  four 
millimeters  in  diameter,  has  its  sides  coated  with  radiating  epidote 
needles  and  its  center  filled  with  calcite. 

No.  11741  is  the  rock  exposed  at  Baldwin's  Kilns.  It  is  much  jointed 
but  quite  massive.  Under  the  microscope  it  appears  like  the  specimen 
last  described,  except  that  it  is  finer  grained  and  devoid  of  amyg- 
daloidal cavities.  The  structure  of  this  rock  is  perfectly  preserved. 
It  was  once  a  typical  diabase,  although  now  no  trace  of  pyroxene 
remains. 

Another  of  the  more  coarsely  crystalline  dike  rocks  of  the  Negaunee 
greenstone  belt  was  obtained  near  the  granite  contact  in  Sec.  13,  T.  48 
N.,  R.  27  W.,  two  and  one-half  miles  north  of  Teal  Lake.  This  (No. 
11791)  is  a  typical  uralite  diabase,  as  is  shown  both  by  the  distinct 
traces  of  ophitic  structure  and  by  the  frequent  cores  of  pale  reddish 
brown  augite  which  still  remain  in  the  fibrous  hornblende.  Ilmenite, 
partially  changed  to  leucoxene,  is  also  present  in  forms  especially  char- 
acteristic  of  diabase.  The  original  structure  has  been  considerably 
obscured  by  cheoiical  changes.  The  feldspar  is  partly  recrystallized  to 
a  mosaic,  and  epidote,  chlorite,  and  quartz  have  been  secondarily  de- 
veloped. 

As  has  been  above  remarked  (p.  171),  the  greenstones  which  occur  so 
abundantly  in  the  iron-bearing  Huronian  rocks  both  north  and  south  of 
Negaunee  are  apparently  identical  with  the  coarse  grained,  younger 
rocks  of  the  greenstone  belt  proper.  Still  they  show  the  effects  of  hav- 
ing been  subjected  to  enormous  pressure  which  has  frequently  produced 
in  them  a  schistose  structure;  and  as  this  is,  in  every  case,  conformable 
to  the  general  strike  of  all  the  rocks  of  this  region,  we  must  conclade 
that  these  greenstones  were  intruded  before  the  folding  of  the  Huronian 
sediments  was  completed.^ 

Specimens  were  collected  from  the  prominent  exposures  of  these 
greenstones  near  the  town  of  Negaunee.  They  are  all  rather  coarse 
uralite  diabases  of  the  type  last  described  from  the  greenstone  belt. 


*See  secUons  by  Brooks,  Atlas  to  (xooL  Sarvey  ^ohigan,  Pis.  lu  and  Y. 
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No.  11754,  collected  from  the  SW  i  of  the  SW  J  Sec.  6,  T.  47  N.,  R.  26 
W.,  near  the  moath  of  the  Jackson  mine,  has  a  well  preserved  diabase 
stractoie.  Its  pyroxene  is  wholly  changed  to  pale  secondary  horn- 
blende ;  its  feldspar  is  filled  with  epidote^  while  chlorite  and  lencoxene 
are  comnion. 

No.  11755,  from  a  high  hill  somewhat  farther  east,  is  essentially  the 
same  rock.    It  contains  Qpidote  and  chlorite  even  more  abundantly. 

No.  11756  was  collected  from  a  small  greenstone  knob  just  east  of 
the  hotel  (Breitung  Honse)  in  Negaunee.  This  rock  has  been  quarried 
and  may  be  plainly  seen  to  have  been  rendered  partially  schistose  by 
presscure.  Under  the  microscope  it  is  like  the  preceding  rocks  except 
that  alteration  has  here  progressed  farther — so  much  so  as  to  have 
obscured,  though  it  has  not  obliterated,  the  origioal  diabase  structure. 
Chlorite,  epidote,  and  calcite  are  among  the  prominent  constituents. 

Nos.  11758  and  11759  are  from  the  greenstone  bluffs  which  skirt  the 
southern  shore  of  Teal  Lake  near  its  eastern  end.  The  former  is  the  most 
massive,  the  latter  a  schistose  variety  of  this  exposure.  The  massi  ve  rock 
is  a  uralite  diabase  of  the  ordinary  type,  retaining  its  original  structure 
and  also  occasional  cores  of  red  augite  in  the  masses  of  secondary  horn- 
blende.  Besides  the  usual  chlorite,  epidote,  and  leucoxene,  there  is  con- 
siderable quartz  present  in  this  rock.  The  second  specimen,  taken  from 
the  schistose  band  on  the  south  side  of  this  greenstone  ridge,  shows 
evidence  of  intense  mechanical  and  chemical  action.  The  original 
structure  has  almost  wholly  disappeared,  while  its  component  minerals 
are  calcite  and  chlorite,  together  with  a  little  quartz  and  leucoxene. 
Barely  these  secondary  products  have  preserved  the  outline  of  lath- 
shaped  feldspars,  which  show  that  they  have  been  much  broken  and 
palled  apart  by  the  stretching  action  to  which  the  rock  has  been  sub- 
jected. 

THE  STRETCHED  FRAOMENTAL  ROCKS  ON  THE  CARP  RIVER. 

An  enigmatical  group  of  rocks  was  met  with  near  the  center  of  the 
Negaunee  greenstone  belt,  where  the  old  road  leading  to  Johnson's 
logging  camp  crosses  the  Oarp  River.  This  locality  is  in  the  NB  J 
Sec  25,  T.  48  N.,  B.  27  W.  The  first  rock  south  of  the  river  is  exposed 
in  a  low  wall  which  rises  just  west  of  the  trail.  (No.  11798.)  This  is 
apparently  a  dark  colored,  schistose  greenstone,  standing  nearly  vertical 
and  filled  with  red  granite  fragments  of  all  shapes  and  sizes,  though 
generally  with  well  rounded  outlines.  The  dark  green  matrix  also  con- 
tains much  of  the  red  material  in  a  finely  divided  form,  often  resembling 
sharp  crystals.  The  rock  itself  is  much  brecciated  and  cut  by  cross- 
gashes,  as  if  it  had  been  subjected  to  a  stretching  tension. 

Under  the  microscope  the  dark  green  portion  of  this  rock  is  found  to 
consist  entirely  of  chlorite,  the  scales  of  which  are  arranged  parallel  to 
each  other  and  to  the  cleavage  planes  of  the  mass.  Its  color,  when  free 
from  inclusions,  is  a  clear,  bright  green,  but  it  frequently  contains  con- 
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6idera][)le  black  or  browDish  opa^ae  matorial,  which  is  arraBged  in  long, 
sinuoas  lines  following  the  foliation.  The  reddish  indosions  are  almost 
altogether  ortboclase,  colored  by  a  fine,  unevenly  distnbnted,  globu- 
litic  dast  A  striated  feldspar  may  also  be  occasionally  observed.  The 
orthoclase  is  partly  in  sharply  defined  crystals,  bnt  more  commonly  in 
irregnlar  and  angular  fragments.  These  range  through  all  sizes  down 
to  the  most  microscopic  dimensions.  The  smallest  bits  are  locally 
scattered  so  thickly  through  the  chlorite  as  to  give  the  rock  a  decid- 
edly  clastic  appearance. 

The  chlorite  matrix  is  of  that  peculiar  character  which  we  have 
already  had  occasion  to  notice  as  characteristic  of  stretched  greenstone, 
particularly  in  the  Menominee  Valley  (see  pp.  82, 83,  and  PI.  XI, 
fig.  2).  This  chlorite  must  have  crystallized  after  the  orthoclase  frag- 
ments had  come  into  their  present  relative  positions,  as  may  be  seen 
from  the  relations  of  its  scales  to  the  feldspar,  and  also  by  the  bending 
around  these  fragments  of  the  sinuous  bands  of  opaque  matter  which 
the  chlorite  sometimes  contains.  We  may  go  even  further  and  assert 
that  the  chlorite  could  not  have  been  formed  prior  to  the  stretching 
action.  Proof  of  Xbis  is  to  be  found  in  the  fact  that  some  of  the  ortho- 
clase inclusions  may  be  plainly  seen  to  have  been  broken  during  this 
process  and  their  fragments  to  have  been  separated  but  a  short  dis- 
tance and  always  in  the  direction  of  the  foliation ;  and  yet  the  same 
chlorite  which  forms  ths  whole  matrix  fills  these  late  fissures. 

It  is  impossible  to  state  anything  positive  with  reference  to  the  origin 
of  this  chlorite;  and  still  its  universal  presence  in  the  stretched  green- 
stones would  indicate  that  this  particular  form  of  dynamic  action  upon 
a  mass  of  the  proper  chemical  composition  is,  in  some  way,  neces- 
sary, or  at  least  very  favorable  to  its  production. 

No.  11799,  from  the  same  locality,  is  essentially  like  the  last  speci- 
men, except  that  the  included  feldspar  is  lighter  colored  and  perhaps 
more  altered  to  kaolin  or  muscovite.  The  matrix  is  not  so  purely 
chloritic,  but  contains  much  finely  divided  feldspar.  The  stretching 
action  is  here  even  more  apparent,  a  single  feldspar  crystal  being  pulled 
out  to  over  double  its  original  length  and  its  fissures  being  filled  with 
the  same  green  chlorite. 

If  we  trace  this  ridge  farther  south  it  develops  into  a  finer  grained 
and  more  schistose  greenstone,  which  is  free  from  the  larger  gi*anitic 
inclusioos  but  is  mottled  with  small  white  spots  (No.  11800).  These  are 
found  upon  closer  examination  to  be  feldspar  crystals.  Under  the 
microscope  this  rock  is  quite  like  those  above  described,  but  it  shows 
much  more  distinctly  the  effects  of  dynamic  action.  The  grain  is  very 
uneven.  In  some  places  the  feldspar  crystals  are  thickly  crowded  and 
are  cemented  by  the  usual  chlorite  in  which  epidote  is  abundant;  in 
other  places  the  matrix  is  a  very  fine  grained  aggregate  of  chlorite, 
sericite,  quartz,  and  feldspar,  containing  considerable  opaque  substance 
and  possessing  a  micro-flaser  structure  produced  by  the  winding  of  its 
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parallel  bands  about  the  0([^casionaI  feldspar  inclasions.  These  latter 
are  mach  palled  oat  in  the  direction  of  the  foliation  and  have  their 
interstices  filled,  sometimes  by  the  chlorite^  bat  oftener  still  by  calcite. 
No.  11801  is  a  more  weathered  specimen  of  this  same  rock,  which 
shows  with  great  distinctness  the  spheroidal  parting  described  above 
(see  p.  166).  The  stretching  action  is  here  displayed  by  the  palling 
oat  of  the  spheroids  into  a  system  of  interlocking  lenses,  as  represented 
in  Fig.  27.    Under  the  microscope  this  rock  shows  the  effect  of  the  me- 


Fio.  27— «^heroidal  parting  of  aphanitio  greenstone  pro- 
duced by  breociations;  drawn  oat  into  lenses  by  pres- 
sure.   Scale  same  as  in  Fig.  26. 

chanical  action  in  the  extremest  degree.  The  matrix  is  very  schistose 
and  consists  of  a  gray,  indeterminable,  almost  isotropic  mass  in  which 
minate  flakes  of  sericite  are  distingnishable.  The  feldspar  crystals 
are  so  altered  that  they  seem  to  grade  imperceptibly  into  the  matrix, 
leaving  their  original  shapes  bat  indistinctly  oatlined.  The  dark  green 
chlorite  occars  only  in  rare  patches. 

1^0.11802  is  from  the  interstitial  mass  between  these  lenses.  It  is  a 
finely  fibrons,  felt-like,  sericitic  mass,  in  which  the  scales  are  so  strictly 
parallel  that  the  entire  slide  extingaishes  the  light  between  crossed 
ISiool  prisms  almost  like  a  homogeneons  crystal.  There  are  besides  pres- 
ent only  small  patches  of  a  light  brown^  isotropic  substance^  some  little 
qaartz  in  isolated  areas,  and  long  stringers  of  lencoxene,  oat  of  which 
minate  bat  sharp,  highly  refractive  octahedrons  have  been  developed 
(anatase  t  cf.  No.  11130,  p.  131). 

No.  11803,  also  from  this  interstitial  material,  contains  white  feldspar 
crystals  like  the  more  massive  cores.  A  microscopic  examination  shows 
that  this  specimen  is  in  all  respects  identical  with  the  rock  which  it  snr- 
roands.  The  schistose  stractore  is  due  to  a  crashing  accompanied  by 
a  tension  in  one  direction.  The  effect  of  this  is  so  striking  on  the  in- 
cluded feldspar  crystals  that  it  has  been  selected  for  illastration.  (PI. 
XIV,  fig.  2.) 

After  a  carefal  stady  of  this  saite  of  rocks,  which  is  distribated  over 
a  considerable  area,  it  is  impossible  to  escape  the  conviction  that 
they  are  of  a  fragmental  character.    Neither  their  stractare  nor  their 
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mineral  composition  resembles  that  of  any  known  emptive  rock  while 
the  sadden  variations  in  grain,  the  irregular  and  angular  shape  of  the 
feldspar  inclusions,  and,  above  all,  the  extreme  differences  in  the  size  of 
even  such  of  these  inclusions  as  lie  side  by  side  can  be  reconciled  only 
with  a  clastic  origin.  Still  these  rocks  do  not  bear  the  stamp  of  true  sed- 
iments, and  the  most  probable  hypothesis  of  their  nature  which  the 
writer  can  offer  is  that  they  are  deposits  of  volcanic  ejectamenta  which 
have  subsequently  been  rendered  schistose  by  dynamic  agencies.  The 
irregular  and  angular  fragments  of  red  granite  must  be  regarded  as 
material  broken  from  off  the  underlying^rock  masses  and  hurled  out  by 
the  violent  explosive  force,  along  with  much  finer  rapilli,  sand,  and 
ashes.  These  rocks  seem  to  agree  very  closely  with  the  agglomerates 
described  by  Mr.  A.  0.  Lawson,  of  the  Canadian  Geological  Survey,  as 
attaining  an  extensive  development  in  the  Lake  of  the  Woods  region. 
These  are  filled  with  angular  fragments  and  have  also  been  subjected 
to  great  pressure.  Mr.  Lawson's  opinion  regarding  the  origin  of  these 
agglomerates  is  the  same  as  that  above  advanced.  ^ 

The  presence,  as  here,  of  the  spheroidal  or  lenticular  parting  in  rock 
of  fragmental  origin  is  sufScient  to  show  that  it  must  be  a  mechanical 
and  not  a  molecular  phenomenon. 

ACn>  ROCKS. 

There  were  no  acid  iutrusives  encountered  within  the  Negaunee  green- 
stone area  proper,  nor  do  the  granites  which  skirt  the  northern  edge  of 
this  belt  present  any  points  worthy  of  especial  note. 

No.  11790  is  the  granite  in  immediate  contact  with  the  greenstones  at 
the  end  of  the  section  which  was  run  northward  from  Teal  Lake.  It 
was  found  at  the  Johnson  logging  camp  in  Sec.  13,  T.  48  N.,  E.  27  W. 
This  is  a  typical  granitite  in  which  quartz  is  not  very  abundant.  The 
biotite  is  quite  altered  and  bleached.  The  feldspar  is  particularly  dis- 
tinguished by  its  beautiful  zonal  structure,  which  the  incipient  kaoliniza- 
tiou  has  brought  out  all  the  more  distinctly.  This  feldspar  shows  the 
effects  of  pressure,  and  in  one  instance  this  can  be  plainly  seen  to  have 
resulted  in  the  production  of  a  micrbcline  structure.  One  small,  sharp 
crystal  supposed  to  be  orthite  was  observed  in  this  rock.  Apatite  and 
zircon  also  occur,  and  occasionally  a  few  rutile  needles  are  secondarily 
developed  in  the  altered  mica. 

Ko.  11738  is  from  the  granite  in  contact  with  the  greenstone  just 
north  of  Baldwin's  Kilns.  This  rock  is  completely  crushed,  the  constit- 
uents being  in  some  cases  so  pulverized  as  to  give  the  specimen,  when 
seen  under  the  microscope,  almost  the  appearance  of  a  fragmental  de- 
posit. The  mica  is  here  much  altered,  and  among  secondary  products 
has  given  rise  to  an  abundance  of  most  delicate  rutile  needles,  which 
often  form  the  characteristic  twins. 

1  Geol.  and  Nat.  Hist  Surrey  of  Canada.    Ann.  Bept  for  1885,  p.  40 ,  CO. 
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Here  may  conveniently  be  recorded  some  observations  made  on  the 
qaartzite  of  the  ridge  which  borders  the  greenstones  on  the  south  in  the 
neighborhood  of  l^egaanee.  This  quartzite  mass  is  composed  on  its 
northern  or  lower  side  of  compact,  even  grained,  thinly  laminated 
rocks,  varying  in  color  from  black  to  the  lighter  shades  of  green,  yellow, 
and  drab.  At  one  point,  near  the  northeast  corner  of  Teal  Lake,  these 
have  been  quite  extensively  quarried  as  novaculites,  although  they  are 
of  a  different  character  from  the  novaculites  occurring  near  Marquette. 
These  rocks  have  the  usual  east  and  west  strike  and  dip  steeply  to  the 
south.  These  90-called  novaculites  are  again  underlaid  by  conformable 
beds  of  a  coarse,  white  quartzite  conglomerate,  which  in  its  turn  is  in 
immediate  contact  with  the  greenstones.  The  best  locality  for  seeing 
these  contacts  is  on  the  wood  road  leading  northeastward  from  the 
slaughterhouse  on  Teal  Lake.    (N  W  J  Sec.  31,  T.  48  K,  E.  26  W.) 

No  11785  is  a  nearly  black  specimen  of  the  novaculite.  Under  the 
microscope  the  fragmental  character  of  this  rock  is  at  once  apparent. 
It  is  composed  of  irregular  quartz  and  altered  feldspar  grains  in  nearly 
equal  proportions.  In  the  finer  cement  biotite  has  abundantly  crystal- 
ised.  An  occasional  zircon  crystal  would  seem  to  indicate  that  the  rock 
is  the  stratified  debris  of  an  old  granite.  The  present  foliation  of  these 
novaculites  is  to  be  regarded  as  a  slaty  cleavage  due  to  pressure,  rather 
than  an  original  stratification. 

The  conglomerate  between  the  novaculite  and  greenstone,  and  form- 
ing the  base  of  the  Huronian  quartzite,  is  composed  of  large  grains 
and  pebbles  of  granitic  quartz,  imbedded  in  a  fine,  silky  matrix  of 
sericite.     (Nos.  11787  and  11788.) 

BOCKS  OF  THE  NOBTHEBN  ABEA. 

The  second  point  selected  for  the  examination  of  the  western  portion 
of  the  Marquette  greenstone  belt  is  near  the  center  of  Sec.  9,  T.  48 
N.,  E.  26  W.  Here  a  camp  was  established  and  from  it  were  studied 
the  greenstones  represented  upon  Dr.  Rominger's  map  as  occurring 
north  of  the  Dead  River.  The  rocks  within  this  area  present  a  much 
more  varied  character  tlian  those  of  any  of  the  other  areas  examined. 
Indeed,  although  a  considerable  collection  of  specimens  was  made,  it  is 
not  for  a  moment  supposed  that  all  the  types  of  massive  rocks  which 
occur  in  this  region  were  obtained.  Enough,  however,  will  be  noticed 
to  indicate  the  general  character  of  the  area  and  at  the  same  time  to 
illustrate  the  extreme  variety  offered  by  different,  and  often  nearly 
contiguous,  outcrops. 

In  its  chief  features,  this  area  more  closely  resembles  the  northern 
portion  of  the  belt  near  Marquette,  just  as  the  southern  branch  near 
Negaunee,  as  stated  in  the  preceding  section,  is  more  like  the  south- 
em  Marquette  area.  Still,  the  more  recent  eruptive  rocks  which  pene- 
trate the  banded  green  schists  far  exceed,  both  in  amount  and  variety, 
those  to  be  found  nearer  Marqnette.  ^^^.^^^^ by (^OOg le 
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UNALTERED  BASIC  INTRUSIVSS. 

At  the  falls  of  the  Dead  River,  iu  the  southwest  corner  of  Section  9, 
the  "arenaceous  slate  group"  of  Kominger  is  well  exposed.  This  con^ 
sists  here  of  thiuly  bedded  slates  which  strike  N.  75^  W.  and  stand 
nearly  vertical,  with  perhaps  an  inclination  to  the  sonth.  The  upper 
part  of  the  fall  is  a  steep  incline  over  the  slates,  but  the  lower  portion 
is  a  clear  fall  of  from  twenty-five  to  thirty  feet,  occasioned  by  several 
trap  dikes  which  run  nearly  east  and  west.  These  are  coarse  gmiued, 
fresh,  and  sometimes  porphyritic. 

No,  11814,  from  one  of  these  dikes,  is  found,  under  the  microscope,  to 
be  a  very  fresh  and  typical  olivine  diabase,  quite  like  that  of  the  great 
dike  on  Lighthouse  Point,  Marquette.  The  structure  is  typically 
ophitic.  The  porphyritic  appearance  is  occasioned,  not  by  single  indi- 
viduals of  feldspar,  but  by  concretionary  aggregates  of  this  mineral. 
The  olivioe,  which  frequently  presents  crystal  outlines  of  great  sharp- 
ness, is  sometimes  completely,  sometimes  only  slightly  serpentinized. 

No.  11826  was  collected  from  an  outcrop  beside  the  road  at  the  south- 
west  corner  of  Sec  10,  T.  48  N.,  R.  26  W.  It  l^as  every  appearance  of 
being  in  place,  but  the  character  of  the  rock,  unknown  elsewhere  iu  this 
region,  renders  it  much  more  probable  that  it  is  a  portion  of  a  huge  glacial 
erratic  which  is  nearly  buried  in  the  drift.  Still,  the  petrographical  in- 
terest of  this  rock  makes  it  worthy  of  a  description.  A  close  examina* 
tion  shows  it  to  be  an  olivine  gabbro,  perfectly  fresh  and  peculiar  on 
account  of  the  abundance  and  beauty  of  its  olivine.  This  constituent 
makes  up  a  large  percentage  of  the  entire  mass.  It  is  present  in  ex- 
tremely sharp  and  well  formed  crystals  from  0.1  to  1*°™  in  diameter. 
These  show  the  usual  hexagonal  cross-sections,  due  to  the  presence  of 
faces  of  the  prismatic  zone  and  domes.^  No  signs  of  even  incipient 
alteration  are  visible  in  this  olivine.  The  augite  and  triclinic  feldspar 
are  both  allotriomorphic,  and  form  much  larger  individuals  than  the 
idiomorphic  olivine  which  they  inclose.  Magnetite  is  abundant  iu 
sharp  octahedral  crystals,  showing  quadratic  sections  5  while  other  ir- 
regular areas  of  an  opaque  black  iron  mineral  may  be  ilmenite.  These 
latter  are  often  partially  bordered  by  a  dark  brown  mica.  No  other 
rock  exactly  like  this  is  known  to  me,  but  in  its  general  character  it  is 
allied  to  the  olivine  gabbros  which  play  such  an  important  role  on  the 
north  shore  of  Lake  Superior.^ 

ALTERED  COARSE  GRAINED  ROCKS. 

The  coarser  grained  intrusive  rocks,  which  penetrate  the  prevailing 
green  schists  of  the  northern  area,  have,  as  a  rule,  undergone  a  consid- 
erable amount  of  chemical  alteration.  This  has  more  or  less  completely 
replaced  the  original  minerals  by  secondary  products ;  while,  in  some 


'  These  crystals  show  indicatioDs  of  twinning,  as  described  by  Knlkowaky  (Zeitsobr.  Kryst.  n.  Min- 
eral, vol.  10,  p.  17)  but  these  are  not  ah  didtinct  an  the  sharpness  of  the  crystals  would  lead  us  to  expect. 
*Cf.  Irving;  Mou.  U.  S.  Geol.  Survey,  vol.  0.  l  \ 
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cases,  it  has  also  obliterate  the  origiual  structure.  Among  these 
yoanger  eraptive  greenstones  the  same  two  types  can  be  distinguished 
as  in  the  Marquette  area,  viz,  diorite  and  diabase. 

Diorite — ^Nos.  11828  and  11829  are  from  an  exposure  thirty  paces  in 
width,  on  the  line  between  Sees.  5  and  8,  T.  48  N.,  K.  26  W.  This  rock 
is  sometimes  parted  into  parallel  plates  so  as  almost  to  resemble  a  slate. 
In  the  hand-specimen  it  is  seen  to  be  composed  of  rather  large,  well- 
formed  hornblende  crystals,  which  are  often  hollow  at  the  center,  and 
a  reddish  feldspar.  The  microscope  shows  that  the  two  specimens  are 
identical.  The  hornblende  is  idiomorphic,  though  without  terminal 
planes;  the  feldspar,  on  the  other  hand,  is  wholly  allotriomori)hic. 
This  latter  mineral  is  almost  free  from  twining  striations,  so  that  the 
rock  were  perhaps  more  properly  termed  a  syenite.  The  hornblende 
preserves  much  of  its  compact  structure  and  brownish  color.  It  is 
frequently  changed  at  the  center  to  a  mass  of  fibrous  needles,  or  even 
to  chlorite,  while  the  exterior  remains  compact  and  unaltered.  Apatite 
is  very  abundant;  sphene  and  magnetite  are  not  uncommon. 

No.  11817,  from  a  wide  dike  at  the  northwest  corner-post  of  Section 
9,  of  the  same  township,  is  of  the  same  type  as  the  last  specimens,  but 
more  altered.  Macroscopically  tufts  of  hornblende  crystals  may  be 
seen  imbedded  in  a  white  feldspar  substance,  JJnder  the  microscope 
this  feldspar  appears  to  be  mostly  altered  to  a  brownish  saussurite,  in 
spite  of  which,  however,  traces  of  a  stout  lath-shape  are  discernible. 
The  hornblende  is  much  altered  to  a  fibrous  form.  It  frequently  has 
the  emerald  green  color  of  actiuolite,  especially  around  the  outer  edge, 
where  it  is  always  darker  and  more  compact  than  at  the  center.  Ilme- 
nite,  accompanied  by  leucoxene,  is  abundant  in  the  rock,  though  absent 
in  the  two  last  mentioned  specimens.  It  will  be  noticed  that  this  rock 
approaches  much  more  nearly  than  the  others  to  the  diabase  type,  and 
yet  there  is  no  reason  to  believe  that  the  hornblende  is  pararaorphic 
after  pyroxene.  Although  it  is  not  compact,  it  still  retains  its  twinning 
structure  as  one  of  it«  most  common  features. 

A  still  more  striking  example  of  idiomorphic,  lath-shaped  feldspar 
in  a  diorite  (a  structure  which  Eosenbusch  mentions  as  not  at  all  un- 
common in  rocks  of  this  class^),is  to  be  found  in  No.  11831.  This  was 
obtained  on  the  line  between  sections  5  and  8,  just  east  of  Nos.  11828, 
11829,  above  described.  It  is  entered  in  the  field-notes  as  a  coarse 
reddi^U  diorite  or  syenite,. having  long,  green  hornblende  crystals  im- 
bedded in  a  rM  feldspar.  On  account  of  its  unstriated  feldspar,  this 
rock  may  perhaps  be  even  more  properly  designated  as  an  amphibole 
granite,  although  its  structure  is  in  many  respects  peculiar.  (See  PI. 
XVI,  fig.  2.)  The  feldspar  is  present  in  two  distinct  generations. 
The  earliest  of  these  yielded  stoutly  lath-shaped  crystals,  which  are 
wholly  idiomorphic.  These  are  mostly  unstriated,  but  have  a  zonal 
structure.     They  are  internally  changed  to  a  grayish  mass,  which  a 

>Mlkro«.PhyBiog.,2de(l..vol.2,p.l2l.  ,  , 
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high  magnifyiug  power  shows  to  be  mascovite  or  kaolin,  while  their 
periphery  is  composed  of  clear  and  fresh  feldspar  substance.  Betweea 
these  feldspar  crystals  is  a  granular  aggregate  of  qnariz  and  a  younger 
feldspar.  This  latter  mineral  is  also  uustriated  (though  sometimes 
possessed  of  the  gridiron  microcline  structure)  and  much  fresher  than 
the  older  feldspar.  With  the  quartz  it  frequently  forms  beautiful 
microi>egmatitic  growths. 

Hornblende  was  most  probably  the  original  bisilicate  constituent  of 
this  rock,  but  it  has  undergone  an  unusual  alteration,  i.  e.,  the  altera- 
tion to  mica.  This  mineral  can  be  seen  under  the  microscope  in  brown 
areas  of  irregular  shape,  which  have  evidently  been  produced  at  the 
expense  of  the  hornblende.^  They  are  unevenly  colored,  being  a 
darker  brown  in  some  places  than  in  others.  In  some  cases  the  new 
mica  crystallizes  in  sharply  defined  hexagonal  plates.  Certain  of  these^ 
which  on  optical  examination  prove  to  be  basal  sections,  show  cleav- 
age lines  parallel  to  the  prismatic  faces.  These  are  the  so-called 
pressure  figures  {^'Drucklinien'' of  the  German  mineralogists),  which 
are  rarely  visible  in  microscopical  sections  and  are  strongly  indicative 
of  pressure. 

This  secondary  mica  to  a  considerable  extent  has  turned  green  by  a 
reduction  of  its  iron  to  a  ferrous  state.  More  rarely  the  alteration  has 
progressed  still  further,  resulting  in  complete  bleaching,  or  even  the 
production  of  chlorite.  Apatite  is  very  abundant  in  this  rock;  sphene 
is  also  common,  but  its  crystals  always  surround  ilmenite  grains  in 
such  a  manner  as  to  suggest  that  the  titanite  has  resulted  from  its 
alteration  (see  PL  XYI,  fig.  2).  Ohlorite  also  frequently  surrounds 
the  opaque  iron  mineral. 

Of  all  the  remarkable  features  which  this  rock  presents,  perhaps 
none  is  more  striking  than  itB  hypidiomorphic  structure  and  the 
presence  of  the  feldspar  in  two  distinct  generations  without  the  pro- 
duction thereby  of  a  porphyritic  structure.  This  is  all  the  more  note- 
worthy in  a  rock  which  from  its  mineralogioal  composition  is  to  be 
strictly  classed  among  the  granites. 

No.  11832,  which  occurs  with  the  si>ecimen  last  described,  appears 
to  the  unaided  eye  as  a  compact,  fine  grained  mass  through  which 
large  glistening  hornblende  crystals  are  unevenly  distributed.  Under 
the  microscope  the  groundmass  of  this  rock  is  seen  to  be  composed  of 
lath-shaped  feldspar  crystals,  which  are  altered  sometimes  to  epidote, 
sometimes  to  sericite;  allotriomorphic  hornblende,  frequently  changed 
to  chlorite;  a  little  quartz  and  magnetite  in  grains  and  crystals. 
The  sharp  quadratic  and  hexagonal  sections  are  sufficient'  to  iden- 
tify this  species;  but  we  must  assume  that  it  is  a  titaniferoas 
magnetite  on  account  of  the  very  narrow  leucoxene  border  which 


iRosenbascb  mentions  only  parallel  growths  of  hornblende  and  biotite.  The  present  instance  can 
hardly  bo  so  interpreted,  while  there  id  nothing  surprising  in  an  alteration  which  ha5been8oft«> 
qaently  observed.    (Of.  J.  Roth:  AUgemeine  and  cheniische  Oeologie,  toL  1,  p.  833, 1879.) 
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fireqoeDtly  surrotiDds  it.  Tho  porphyritic  hornblende  of  this  rock  is 
sometimes  regalar,  sometimes  irregular  in  outline.  It  is  a  later  crys- 
tallization than  the  groundmass,  because  it  is  always  filled  with  the 
lath-shaped  feldspars.  This  produces  the  structure  which  I  have 
recently  termed  "poicilitic,"^  and  which  is  characteristic  of  younger 
porphyritic  crystals,  especially  hornblende  and  pyroxene. 

No.  11834,  from  a  ledge  640  steps  north  and  20  steps  west  of  the  south- 
west corner  of  Sec,  4,  T.  48  N.,  K.  26  W.,  is  composed  of  stout,  lath-shaped 
feldspar  crystals  and  large  individuals  of  fibrous  hornblende.  The  for- 
mer mineral  suggests  by  its  form  that  the  rock  was  once  a  diabase;  the 
hornblende,  however,  is  not  allotriomorphic,  but  is  present  in  long,  col- 
umnar crystals,  which  are  generally  twinned.  One  of  these  crystals  is 
bent  in  the  most  unaccountable  manner.  It  forms  three-quarters  of  a 
circle  (see  Fig.  28),  but  no  satisfactory  explanation  can  be  offered  for 
this  unusual  shape. 

On  the  whole,  this  rock  is  consid- 
erably altered.  Epidote  and  horn- 
blende needles  are  developed  in  its 
feldspar,  while  secondary  quartz  is 
quite  abundant.  In  spite  of  the 
fibrous  character  of  its  hornblende, 
the  structure  of  this  rock  is  much 
more  suggestive  of  a  diorite  than  of 
a  diabase. 

Diabase. — ^Among  the  altered  in- 
trusive rocks,  those  which  represent 
the  diabase  type  are  all  uralite  dia- 


In  none  was  any  trace  of  the      ^^°-   28. -Bent  hornblende  crystal.      Groon. 
.     .        «  •.        ^  1  stone  Ko.  11834.    Macnified  30  diameters. 

onginal  augite  observed. 

In  INo.  11827,  from  485  steps  west  of  the  southeast  corner  of  Section 
5,  the  structure  is  best  preserved.  Here  the  fibrous  and  in  part  bright 
emerald  green  hornblende  retains  exactly  the  allotriomorphic  form  of 
the  diabase  augite.  The  feldspar  is  largely  altered  to  a  brown,  opaque 
saussurite,  and  leucoxene  has  replaced  the  ilmenite. 

No.  11837,  from  815  steps  north  of  the  southwest  corner  of  Section 
4;  No.  11848,  from  500  steps  west  of  the  southeast  corner  of  Sec.  10, 
T.  48  N.,  R.  26  W.,  are  both  much  more  altered  than  the  specimen  last 
mentioned.  The  ophitic  structure  is  best  preserved  in  the  latter, 
although  epidote  is  abundantly  developed,  while  it  is  altogether  want- 
ing in  the  former. 

Other  of  these  uralite  diabases  are  finer  grained. 

No.  11825,  from  a  somewhat  schistose  greenstone  ridge,  exposed  near 
the  center  of  the  southwest  quarter  of  Section  10,  admirably  exhibits 
the  effects  of  crushing.    The  lath-shaped  plagiochise  crystals  are  still 

*  Am.  Jour.  Soi.,  8d  series,  vol.  31,  1886,  p.  30. 
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woDderfally  fresh,  but  are  broken,  faulted,  and  pulled  apart,  while  their 
interstices  are  filled  with  the  secondary  chlorite  usual  in  stretched 
rocks.  There  is  a  delicate  granophyre  or  micropegmatite  structure  in 
this  specimen — undoubtedly  an  original  feature,  as  in  No.  11675  (see 
p.  140).  The  pyroxene  is  wholly  changed  to  a  pale  green,  fibrous  hcmi. 
blende,  which,  to  a  considerable  degree,  produces  the  foliation.  Large 
areas  of  brown  leucoxene,  of  the  variety  most  characteristic  of  altered 
diabase,  are  also  drawn  out  in  the  direction  of  the  schistose  structure. 
In  one  instance  this  has  altered  tq  a  network  of  dark  rntile  needles 
imbedded  in  a  yellowish  micaceous  mineral,  as  described  in  Ko.  11070 
(se^  p.  99,  and  Plate  XIII,  fig.  2). 

Ko.  11830,  from  700  hundred  steps  west  of  the  southeast  comer  of 
section  5,  is  a  very  typical  uralite  diabase.  The  structure  is  still  well 
preserved  by  the  feldspars,  in  spite  of  needles  of  the  fibrous  hornblende 
having  freely  wandered  into  them.  Traces  of  augite  cores  remain  in 
this  rock. 

No.  11835  is  a  schistose  rock  from  640  steps  north  and  20  west  of  the 
southeast  corner  of  Section  5.  It  has  been  much  altered,  and  now  con- 
sists mainly  of  a  fine  aggregate  of  fibrous  hornblende,  feldspar,  quartz 
and  calcite.  In  this  lie  large  porphyritic  crystals  of  hornblende  which 
are  wholly  altered,  especially  in  their  interior. 

BANDED  GRESNSTOXS8. 

Striped  and  banded  greenstone  schists,  like  those  of  Lighthouse  Point, 
Marquette,  are  very  abundant  in  the  northern  area. 

No.  11856,  from  an  exposure  near  the  northeast  comer  of  Section  9,  is 
macroscopically  identical  with  the  Marquette  rocks.  Under  the  micro- 
scope it  would  be  designated  as  a  hornblende  schist.  It  consists  of  mi- 
nute crystalloids  of  compact  green  hornblende,  together  with  feldspar 
which  is  mostly  changed  to  sericite.  Zoisite  in  crystalloids,  like  those 
represented  in  Fig.  2,  p.  27,  and  about  the  size  of  the  hornblende,  is 
also  present.  The  structure  of  this  rock  is  schistose,  caused  by  t)ie 
parallel  arrangement  of  all  the  constituents. 

Other  banded  greenstones  from  this  region,  like  Ko.  11818,  from  near 
the  southeast  corner  of  Section  5 ;  11821,  850  steps  north  of  the  south- 
west corner  of  Section  4;  11839, 170  steps  south  of  west  quarter  post  of 
section  4,  and  11841,  180  steps  north  of  the  same  quarter  post,  are 
essentially  like  the  specimen  just  described — mostly  a  mass  of  con- 
fused hornblende  fibers  with  more  or  less  feldspathic  substance,  quartz, 
and  chlorite.  The  relative  proportions  of  these  components  condition 
their  different  colors  and  cause  the  parallel  striping. 

These  rocks  are  so  similar  to  those  occurring  immediately  north  of 
Marquette,  that  we  must  apply  to  them  the  conclusion  already  ex- 
pressed (p.  158)  in  regard  to  the  origin  of  these  green  schists,  and  regard 
them  as  basic  tuff  deposits,  which  were  contemporaneous  with  suriiace 
flows  of  diabase  and  subsequently  profoundly  metamorphosed. 
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GBEEN  SCHISTS  AND  AGaLOMERATES  OF  DEER  LAKE. 

After  the  work  on  this  paper  was  practically  completed,  my  atten- 
tion was  called  by  Prof.  Irving  to  a  group  of  greenstone  schists  and 
conglomeratic  rocks  which  lie  in  the  western  extension  of  the  southern 
branch  of  the  Marquette  greenstone-schist  belt.  I  was  unable  to  study 
and  collect  these  rocks  in  the  field,  but  Prof.  Irving  furnished  me 
with  notes  regarding  their  distribution  and  mode  of  occurrence,  together 
with  a  suitd  of  hand-specimens  and  thin  sections  for  laboratory  study. 
I  incorporate  the  results  of  such  a  study  in  this  place  the  more  will- 
ingly because  the  occurrence  of  these  rocks  does  not  in  the  least  di£fer 
from  that  of  others  cfosely  allied  to  them,  which  I  carefully  exam- 
ined in  the  neighborhood  of  Negannee.  The  distinct  evidence,  more- 
over, which  these  rocks  afford  as  to  their  mode  of  origin  is  of  great 
value  in  confirming  the  conclusions  already  reached  in  regard  to  cer- 
tain other  analogous,  though  less  distinctly  characterized^  occurrences. 

These  peculiar  rocks  ai'e  best  exposed  on  the  south  side  of  Deer  Lake 
in  Sees.  33  and  34,  T.  48  K,  B.  27  W.,  Michigan,  but  they  may  also  be 
advantageously  seen  farther  to  the  northwest,  in  Sees.  20, 21, 29,  and  30 
of  the  same  township. 

The  following  field-notes  were  furnished  me  by  Prof.  Irving : 

On  the  road  golD^  northward  from  Ishpeming  to  Deer  Lake  famace  a  belt  of 
qoartzite  dipping  southward  is  crossed  in  the  middle  of  Section  34.  Immediately 
north  of  this  qnartzite  follows  a  porphyritic  greenstone  of  tolerably  fresh  aspect. 
This  is  exposed  on  the  sooth  side  of  the  two  knobs,  which,  on  Dr.  Rominger's  map, 
lie  to  the  southward  of  Deer  Lake,  to  the  east  of  the  Carp  River,  and  to  the  north  of 
the  road.  To  the  northward  of  this  greenstone  succeed  first  some  greenish  schistose 
rocks  without  apparent  agglomeratic  character.  These  are  represented  by  No.  12057. 
These  schists  soon  grade,  however,  both  across  the  strike  toward  the  north  and  in 
the  coarse  of  the  strike  toward  the  west,  into  a  most  strikingly  conglomeratic  rock, 
which  appears  to  make  up  about  all  the  hills  in  the  northern  half  of  Section  33,  be- 
tween the  qnartzite  and  the  road  leading  to  the  Ropes  mine. 

Specimen  No.  12058  is  an  obscurely  conglomeratic  rock,  collected  about  150  steps 
north  of  No.  12057.  The  conglomeratic  character  is  best  seen  on  a  weathered  sur- 
face. A  particularly  fine  exx>osure  may  be  seen  just  west  of  Deer  Lake  furnace 
(No.  12031). 

Specimens  No.  12029  are  pebbles  from  a  bold  knob  somewhat  farther  to  the  west. 
From  the  same  point  came  Nos.  12023  and  12024,  representing  the  conglomerate 
itself;  and  Nos.  12025  and  12026,  from  two  dikes  two  and  one-half  and  ten  feet  wide 
respectively.  The  smaller  of  these  dikes  cuts  the  conglomerate  in  a  direction  trans' 
Terse  to  its  foliation,  while  the  larger  runs  parallel  to  this  structure. 

Throughout  the  conglomerate  there  is  a  t-endency  to  schistose  structure,  which, 
however,  is  never  very  pronounced,  and  which  varies  considerably  in  its  degree  of 
development.  It  seems  to  be  rather  the  result  of  the  intersection  of  close  joints  cut- 
ting each  other  at  a  small  angle  than  a  true  parallelism  of  structure.  This  foliation 
stards  about  vertical  and  trends  in  an  eastern  and  western  direction. 

The  jiebblos  vary  in  size  from  such  as  are  two  feet  in  diameter  down  to  minut« 
fragments.  Pieces  loss  than  six  inches  in  length  are  most  abundant.  Occasionally 
they  appear  well  rounded,  and  this  seems  to  be  more  particularly  the  case  with  the 
larger  dzed  pieces ;  but  more  commonly  they  are  sub-angular  and  flattened  out  in  a 
direction  parallel  to  the  schistose  structure.    On  an  exposed  surface  these  pebbles 
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stand  oui  by  virtue  of  their  whiter  weathering.  On  a  fresh  fraotare  they  are  not 
nearly  so  apparent,  but  seem  to  differ  from  the  rest  of  the  rook  by  their  finer  grain 
and  by  their  pinkish  or  greenish  color ;  the  body  of  the  rock  having  usoally  a  dark 
greenish  gray  tint.  ' 

No  other  kinds  of  pebbles  were  seen  than  those  shown  in  the  samples,  which  repre- 
sent perhaps  two  phases :  (1)  A  pinkish  weathering  felsitic  (!)  kind,  and  (2)  a  grayish 
weathering  greenish  and  more  schistose  kind.  Bnt  this  distinction,  written  on  the 
gronnd,  seems  hardly  to  be  borne  out  by  the  specimens  brought  away.  Certainly 
those  of  the  first  named  kind  are  more  abundant. 

Occasional  schistose  bands  a  few  feet  in  width  and  quite  free  from  pebbles  may  be 
seen  in  the  cpnglomerate,  trending  east  and  west.  These,  therefore,  stand  at  a  con- 
siderable angle  with  the  schistose  structure.  They  are  the  only  signs  of  a  true  bed- 
ding in  the  rock,  and  if  they  do  actually  indicate  a  bedding  are  of  very  great  im- 
portance, both  as  showing  a  discordance  between  the  bedding  and  schistosity  and 
also  a  nonconformity  between  these  and  the  true  bedded  rocks  lying  just  to  the 
south.  Indeed,  neither  these  doubtfhl  bedding  bands  nor  the  schistose  structure 
perceptible  in  this  conglomerate  is  concordant  with  the  dip  of  the  quartzite,  which 
is  toward  the  south  at  a  moderate  angle. 

North  of  the  road  leading  to  the  Ropes  mine  the  only  rock  noticed,  for  a  short 
distance,  is  represented  by  No.  12032,  which  does  not  show  any  conglomeratic  struct- 
ure, but  which  on  the  ground  appeared  very  much  like  the  pebbled  in  the  conglom- 
erate further  south. 

Still  farther  north,  in  the  same  township  (T.  48  N.,  R.  27  W.),  as,  for  Instance,  in 
the  middle  and  eastern  part  of  Section  21,  and  again  in  the  southwest  quarter  of  Sec- 
tion 20,  and  in  the  northwest  quarter  of  Section  29,  to  the  north  of  Dr.  Rominger's 
serpeotine  area  (peridotite  area  of  Plate  I,  herewith)  are  other  very  similar  rocks. 
Specimens  12036, 12037,  and  12039  are  from  the  SW  ^  of  S W  i  Sec.  20,  while  No.  12043 
is  from  the  NW  ^  Sec.  29.  Among  the  exposures  from  which  this  last  specimen 
was  taken  are  some  which  seem  to  show  the  conglomeratic  character  of  the  Deer 
Lake  rocks.  It  is  not  positive,  however,  that  the  obscure  markings  which  they 
show  are  really  those  of  pebbles. 

Both  the  macroscopical  and  the  microscopical  examination  of  these 
specimens  show  that  they  have  been  subjected  to  an  intense  strain  or 
stretching,  which  has  resnlted  in  the  elongation  of  the  component  peb- 
bles, and  in  the  modification  and  partial  recrystallization  of  the  matrix, 
after  the  manner  shown  in  PL  XI,  fig.  2,  and  in  PI.  XIV,  fig.  2.  Nev- 
ertheless, the  metamorphism  attendant  upon  this  dynamic  action  fortu- 
nately has  not  been  sufficient  entirely  to  disguise  the  tuff  nature  of  the 
rock.  In  most  cases  this  is  still  very  apparent,  and  this  occurrence  is 
therefore  of  great  importance  in  confirming  the  conclusions  reached  with 
regard  to  analogous,  but  more  metamorphosed  rocks,  in  the  Marquette 
and  Kegaunee  areas. 

We  must  regard  these  tuffs  or  agglomerates  as  originally  composed 
of  the  fine  fragmental  material  of  diabase.  This  consisted  mainly  of 
triclinic  feldspar  and  pyroxene,  mingled  with  more  or  less  amorphous 
base,  and  stratified  either  by  gravity  or  by  the  agency  of  water.  In- 
cluded in  such  a  matrix  were  numerous  true  bombs  of  solid  diabase  and 
ejected  fragments  of  other  rocks,  mostly  of  a  more  acid  character. 

As  is  well  known,  material  of  this  kind  is  of  all  the  most  liable  to  un- 
dergo chemical  alteration.  This  has  been  conclusively  shown  by  the 
observations  of  Captain  Dutton,  quoted  above  (p.  159).  In  consideration 
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of  the  great  antiquity  of  the  deposits  here  under  discussion,  therefore  it 
need  excite  no  wonder  that  little  of  the  original  material  now  remains. 
The  rocks  are  largely  composed  of  such  secondary  products  as  chlorite, 
sericite,  epidote,  quartz,  and  calcite.  All  traces  of  original  pyroxene, 
or  of  possible  olivine  and  glass,  have  wholly  disappeared.  The  feldspar 
has,  however,  better  retained  its  individuality.  In  some  instances  its 
sabstance  is  still  quite  fresh ;  and  in  others,  where  the  substance  is 
changed,  the  form  is  still  easily  recognizable.  The  same  class  of  altera- 
tions has  gone  on  in  the  solid  portions  of  the  agglomerates  as  in  the 
finely  fragmental  matrix.  The  more  basic  fragments  produce  chloritic, 
the  more  acid  sericitic,  areas.  Their  original  boundaries  are,  however, 
for  the  most  part,  very  distinct,  often  more  so  in  the  field,  or  in  the 
hand-specimen,  than  under  the  microscope.  Where  the  dynamic  action 
has  been  most  intense  a  schistose  structure  has  been  developed  in  the 
fragments,  which  is  quite  continuous  with  that  of  the  finer  grained  ma- 
trix. This  is  accompanied  by  a  distortion  or  elongation  of  the  in- 
daded  fragments,  caused  by  crushing  and  recementing,  whereby  the 
sharpness  of  their  outline  is  destroyed,  and  an  apparent  transition  to 
the  matrix  is  produced. 

Specimen  'So.  12057,  described  in  the  notes  as  ^'a  greenish  schistose 
rock  without  apparent  agglomeratic  character,"  appears  under  the  micro- 
scope at  first  glance  as  a  confused  aggregate  of  chlorite,  calcite,  and 
quartz,  through  which  occasional  large  grains  of  yellowish  green 
epidote  are  scattered.  Characteristic  forms  of  ilmenite,  with  leucoxene, 
some  sericite,  and  delicate  little  rutile  needles  are  also  present.  A 
more  careful  study  of  this  section  reveals  the  indistinct  outlines  of  lath- 
shaped  feldspars,  which  once  formed  the  interlacing  network  of  a 
granular  diabase.  These  are  so  disguised  by  the  new  products  devel- 
oped in  them — chlorite,  sericite,  and  epidote— that  it  is  only  by  an 
attentive  examination  with  a  low  magnifying  power  that  they  can  be 
recognized.  They  are,  however,  undoubtedly  present,  and  the  rock 
must  therefore  be  regarded,  not  as  a  tuff,  but  as  an  extremely  metamor- 
phosed form  of  a  massive  flow,  in  which  the  profound  chemical  changes 
and  the  development  of  a  schistose  structure  progressed  together. 

Specimen  No.  12058,  "an  obscurely  conglomeratic  rock  collected 
about  150  steps  north  of  the  locality  of  No.  12057,''  bears  in  the  hand- 
specimen  a  close  resemblance  to  the  one  last  described,  but  under  the 
microscope  its  different  character  is  at  once  apparent.  The  feldspar 
substance  is  here  less  altered,  and  the  rock  is  mostly  composed  of 
minute  crystals  or  fragments  of  crystals  connected  by  that  peculiar 
aggregate  of  chlorite  scales  common  in  stretched  basic  rocks,  where  the 
direction  of  the  scales  follows  the  schistose  structure.  (See  PI.  XI, 
fig.  2.)  Occasional  larger  fragments  of  feldspar  crystals  are  scattered 
through  this  finer  mass,  but  these  are  always  broken  and  irregular  in 
shape.  The  chloritic  substance  has  doubtless  originated  from  the  py. 
roxeneor  glass,  while  a  vast  number  of  the  most  delicate  little  mtile 

Digitized  by  CjOOQ  IC 


188  GREENSTONE    SCHIST   AREAS    OF   MICHIGAN.  [bitll.61 

needles,  arranged  in  long,  sinuous  bands,  appears  to  represent  the 
original  ilmenite.  Calcite  areas  also  occur.  A  narrow  white  vein 
which  traverses  this  hand-specimen  possesses  an  interesting  micro- 
scopic structure.  The  little  fissure  was  first  coated  with  chalcedonic 
quartz,  and  then  with  a  la^er  of  quartz  crystals  which  projected  their 
terminations  into  the  opening.  These  possess  a  perfect  zonal  structure, 
due  to  the  arrangement  in  successive  layers  of  fluid  inclusions.  The 
remainder  of  the  space  was  subsequently  filled  with  carbonate. 

Specimen  No.  12031,  from  a  point  a  short  distance  west  of  where  the 
last  mentioned  pieces  were  collected,  and  Kos.  12023, 12024, 12029,  and 
12030,  from  another  point  still  farther  west,  represent  the  agglomerate 
in  its  most  typical  development,  and  leave  no  doubt  as  to  its  true 
nature  and  origin.  As  in  the  specimens  last  mentioned,  the  matrix  of 
the  rock  is  of  a  grayish  green  color  and  the  grain  is  mostly  aphanitic, 
although  frequent  minute  angular  fragments  may  be  detected  by  the 
aid  of  a  pocket  lens.  There  is  always  a  more  or  less  pronounced  folia- 
tion developed  in  this  matrix.  The  pebbles,  which  impart  to  the  rock 
its  agglomeratic  structure,  show  most  distinctly  on  a  weathered  sur- 
face. Here  they  present  a  white  or  pinkish  gray  color,  which  contrasts 
most  sharply  with  the  pale  green  of  the  inclosing  matrix.  On  a  fresh 
,  fracture  the  inclusions  have  a  greenish  gray  color,  but  their  compact, 
fine  grain,  like  that  of  halleflinta,  serves  to  identify  tbem  where  the 
color  fails.  These  massive  felsitic  fragments  are  of  varying  size  and 
angular  or  subangular  in  shape  (rarely  well  rounded).  They  are  dis- 
tributed through  the  matrix  indiscriminately,  the  longest  axes  being  by 
no  means  parallel,  as  we  might  expect  in  a  sediment.  The  foliation  of 
the  rock  appears  to  have  been  produced  by  a  great  tension,  which  has 
stretched  the  matrix  and  sometimes  elongated  the  pebbles,  sometimes 
broken  them,  and  sometimes  forcibly  torn  the  solidified  matrix  away 
from  them.    The  latter  case  is  represented  in  Fig.  29,  which  represents 


1<'IG.  29.— WeuthArod  surface  or  a  specimen  of  the  Deer  Lake  agglomerate. 
Natural  size.    No.  12023. 

the  appearance  of  a  weathered  surface  on  specimen  No.  12023.  It  can 
here  be  plainly  seen  that  the  longest  axes  of  the  pebbles  stand  almost 
at  right  angles  and  that  the  matrix  has  been  forcibly  separated  by  the 
stretching  action,  on  each  side  of  the  central  pebble. 
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The  microscopical  study  of  these  specimens  adds  much  to  oar  knowl- 
edge of  the  true  structure  of  these  agglomeratic  rocks. 

The  matrix  is  found  to  be  composed  of  very  angular  to  subangular 
fragments,  extending  down  to  the  minutest  size.  These  generally  still 
retain  their  form,  although  tbeir  original  substance  has  undergone 
change  to  chlorite,  epidote,  and  calcite.  Small  feldspar  crystals  or 
broken  fragments  of  larger  ones  are  scattered  about,  the  substance  of 
which  has  been  altered  in  varying  degree.  In  the  chlorite  especially, 
very  sharp  mtile  needles  abound.  These  seem  to  represent  the  titan- 
inm  of  an  original  ilmenite. 

Unmistakable  evidence  of  clastic  structure  is  everywhere  encount- 
ered ;  but  this  is  not  the  clastic  structure  of  a  sediment.  The  angular 
shape,  different  substance,  and  enormous  variation  in  the  size  of  frag- 
ments lying  side  by  side,  all  clearly  indicate  an  agglomeration  of  vol- 
canic detritus — and  one,  indeed,  in  which  many  of  the  original  features 
are  admirably  preserved. 

Among  the  smallest  of  the  included  fragments,  those  resembling  a 
massive  diabase  in  structure  are  not  uncommon;  but  to  judge  from 
the  statement  in  the'  field  notes  quoted  above,  as  well  as  from  the 
hand-specimens  submitted  to  me  for  study,  the  larger  **  pebbles  ^  or 
fragments  are  mostly  composed  of  the  lighter  and  felsitic  rock.  This  is 
unfortunately  too  much  altered  to  allow  of  a  wholly  satisfactory  diag- 
nosis. It  may  be  best  seen  in  section  No.  12023,  where  it  resembles  a 
porphyrite.  The  grouudmass  still  retains  its  ophitic  structure,  and 
is  filled  with  well  formed  porphyritic  crystals  of  plagioclase.  No 
original  quartz  nor  ortiioclase  could  be  detected  ;  one  or  two  cbloritic 
areas,  which  must  probably  represent  former  augite  or  hornblende 
crystals,  were,  however,  observed. 

Specimen  No.  12025  represents  a  narrow,  transverse  dike  of  massive 
greenstone,  and  No.  12026  a  broader  one  of  the  same  material,  parallel 
to  the  schistose  foliation.  Under  the  microscope  both  are  typical, 
though  highly  altered  diabases.  The  former  is  aphauitic  and  has 
only  a  very  indistinct  foliation  in  the  hand-specimen.  Under  the 
microscope  the  original  structure  is  nearly  obliterated ;  still,  traces  of 
it  remain.  Chlorite,  calcite,  quartz,  and  iron  oxide  are  almost  the  only 
mineral  components. 

The  second,  coarse  grained  diabase,  is  entirely  massive  in  the  hand- 
specimen.  It  has  an  even  green  color,  but  cleavage  surfaces  of  feld- 
spar are  frequent  Pyrite  is  also  common  in  it.  Under  the  microscope 
the  typical  diabase  structure  is  perfectly  preserved.  The  texture  is 
quite  coarse,  and  the  feldspars  mostly  retain  their  twinning  structure. 
Hie  rock  has  been  stretched,  and  these  feldspars  are  much  broken  and 
have  their  fragments  separated.  The  pyroxene  is  wholly  altered  to 
chlorite,  epidote,  and  calcite,  and  the  ilmenite  is  accompanied  by 
toucoxene. 

The  rock  occurring  north  of  the  road  leading  to  the  Bopes  mine  and 
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directly  west  of  Deer  Lake,  is  devoid  of  cooglomeratic  structure. 
(No.  12032.)  In  the  field  it  was  noted  to  have  a  resemblance  to  the 
substance  of  the  larger  ^^  pebbles,"  and  this  resemblance,  to  a  certain 
extent,  is  borne  out  by  the  microscopical  examination.  The  rock  ap- 
pears to  be  massive,  and  not  a  tuff;  but  it  has  been  subjected  to  in- 
tense crushing  and  stretching  action.  It  is  full  of  porphyritic  crystals, 
which  are  mostly  altered  to  muscovite.  The  ground  mass  is  principally 
composed  of  small  rectangular  feldspar  crystals.  AH,  however,  are 
much  broken  and  separated,  and  the  interstices  are  filled  with  green 
chlorite  scales.  The  main  difTerence  between  this  rock  and  that  form- 
ing the  compact  felsitic  pebbles  in  the  agglomerate  lies  in  the  apparent 
orthoclastic  nature  of  the  porphyritic  feldspar  crystals,  and  in  the 
chlorite  which  has  been  so  abundantly  developed  in  the  ground  mass. 

The  specimens  from  the  more  northerly  areas,  numbered  12036, 
12037,  12030,  and  12043,  belong  to  the  same  category  as  those  just 
described.  No.  120«'(6  is  a  confused  aggregate  of  feldspar  fragments  of 
various  sizes,  together  with  some  quartz  and  chlorite.  Nos.  12039  and 
12043  are  almost  too  much  altered  to  allow  of  any  study.  The  former 
is  a  mass  of  nearly  opaque  decomposition  products,  and  the  latter  is  an 
almost  continuous  mat  of  sericite  scales.  No.  12037  alone  appears  like 
a  massive  rock -i- most  probably  a  fragment  included  in  the  tuff.  It  is 
a  hornblende  granite,  with  but  little  quartz,  composed  principally  of 
idlomorphic  feldspar.  The  minute  green  hornblende  needles  fill  the 
interstices  between  these  square  or  rectangular  crystals. 

We  may,  therefore,  consider  the  pyroclastic*  nature  of  the  Deer  Lake 
conglomerates  as  beyond  any  question.  They  represent  volcanic  de- 
tritus, ejected  by  an  explosive  force  at  the  earth's  surface.  In  this  way 
they  form  a  most  welcome  but  not  unexpected  support  to  the  con- 
clusions reached  in  regard  to  the  other  more  highly  altered  rocks  of 
the  same  class  occurring  in  the  Marquette  region. 

The  term  ^^agglomerate"  here  applied  to  these  rocks  is  one  in  gen- 
eral usage  among  the  English  geologists  *  to  designate  a  tumultuous 
assemblage  of  volcanic  ejectamenta — bombs,  foreign  blocks,  etc.,  of  all 
sizes  and  shapes,  cemented  by  a  fine  grained  paste  of  volcanic  ash. 

The  closest  analogues  to  the  Deer  Lake  rocks  are  the  breccias,  ag- 
glomerates, and  tuffs,  described  by  Dr.  A.  Geikie  from  St.  David's,  in 
Wales.^    This  author  says,  p.  93 : 

The  rooks  of  St.  David^s  present  features  of  interest  and  importance,  not  only  in 
the  palffiozoic  history  of  Britain,  bat  in  regard  to  general  theoretical  qnestions. 
They  include,  for  example,  perhaps  the  oldest  group  of  lavas  and  tufis,  the  relative 
date  of  which  is  known.  They  have  been  subjected  to  a  process  of  raetamorphism 
which  has  affected  only  certain  beds  or  kinds  of  rock.  They  have  been  penetrated 
by  masses  of  granite  and  quartz  porphyry,  around  which  another  kind  of  metamor- 
pliism  has  been  manifested.  At  a  later  period  they  have  been  injected  with  diabase 
dikes,  etc. 

1  J.  J.  H.  TealU  Q«oL  Mftg^  London,  3d  aeries,  voL  4,  November,  1887.  p.  403. 

'Cf.    JA.  Phillips,  Quart.  Jour.  GeoL  Soo..  vol  24, 1878,  p.  476,  and  A.  Geikie  Text- Book  of  Geology, 
1882,p.l«3. 
»  Quart  Jour.  Geol.  Soo.,  London,  toL  39, 1888.  Digitized  by  VjOOQ  IC 
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All  this  might  have  been  written  to  apply  equally  well  to  the  rocks 
occurring  near  Marquette. 

With  special  reference  to  the  tuflfs,  Dr.  Geikie  says  :* 

They  vary  likewise  id  textare  from  somewhat  coarse  breccias  or  agglomerates, 
throngh  many  gradations,  into  fine  silky  schists  in  which  the  tufaceoas  character  is 
almost  lost.  Generally  they  are  distinctly  granular,  presenting  to  the  naked  eye 
abundant  angular  and  snbanglarlapi Hi,  among  which  broken  crystals  of  a  white, 
somewhat  kaolinized  feldspar  and  fragments  of  fine  grained  felsite  are  often  con- 
flpicitoas. 

The  matrix  of  these  Welsh  agglomerat.es  appears  to  be  generally 
green,  while  the  included  lapilli  or  ''pebbles'^  are  sometimes  basic  in 
character  and  of  a  greenish  color;  sometimes  more  acid,  with  a  com- 
pact structure  and  pinkish  color. 

Their  resemblance  is  thus  seen  to  be  verj'  close  to  the  Deer  Lake 
agglomerates  described  in  this  chapter. 


1  Qaart  Joar.  Geol.  Soo.  London,  vol.  39,  p.  295. 
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CHAPTER  VI. 

GENERAL  RESULTS  AND  CONCLUSIONS. 

ORIGINAL  OHABACTER  OP  THE  MBNOMINE.B  AND  MARQUETTE  GREEN- 
STONE AREAS. 

In  Speaking  of  the  geology  of  the  Menominee  and  Marquette  regions 
1  refer^  it  mnst  be  understood,  only  to  the  greenstones  and  cert^n  inti- 
mately associated  acid  rocks.  No  attention  was  paid  to  the  quartz- 
ites,  dolomites  or  shales  of  the  younger,  iron-bearing  Huronian.  With 
a  view  of  obtaining  a  clear  idea  of  the  primary  nature  of  these  rocks 
we  shall  consider  in  succession :  The  evidence  of  their  eruptive  charac- 
ter; their  original  types  and  mineralogical  composition;  the  conditions 
under  which  they  were  formed;  and,  finally,  their  succession  in  time. 

EVIDENCE  OF  ERUPTIVE  CHARACTER. 

Fieldi  evidence. — This  is  more  distinct  in  the  case  of  the  Menominee 
greenstones  on  abcount  of  the  simpler  character  of  their  exposures. 
Here  we  find  them  extending  in  two  comparatively  narrow  and  nearly 
parallel  bands  for  a  considerable  distance.  Their  color,  weight,  text- 
ure, and  frequent  massive  structure  are  such  as  are  associated  with  rocks 
of  igneous  origin,  while  in  some  cases,  as  just  below  the  Lower  Quinne- 
sec  Falls,  they  project  out  of  the  surrounding  schists  in  the  form  of  a 
high,  precipitous  ridge,  suggestive  only  of  a  great  dike.  Although 
successive  layers  of  these  rocks  differ  considerably  in  composition,  and 
though  they  possess  within  themselves  well  marked  schistose  varieties, 
yet  they  are  sharply  defined  against  the  adjoining  Huronian  beds,  into 
which  they  never  pass  by  gradual  transitions.  Indeed,  these  rocks  have 
been  considered  by  many  of  the  geologists  who  have  examined  them 
most  carefully  as  of  eruptive  origin.  Those,  on  the  other  hand,  who 
have  regarded  them  as  either  wholly  or  partially  sedimentary  have 
been  able,  as  far  as  I  know,  to  cite  only  two  arguments  in  favor  of  thei^ 
opinion.  These  are :  First,  the  coincidence  of  the  direction  of  these 
bands,  and  of  their  alternating  component  members  with  the  general 
strike  of  all  the  rocks  of  this  region ;  and,  second,  the  frequent  con- 
formity of  the  schistose  structure  in  these  bands  to  the  bedding  of  the 
adjacent  sediments.^ 

Let  us,  however,  consider  whether  these  two  facts  are  not  wholly  in 
accord  with  the  supposition  that  these  greenstones  are  of  igneous  origin. 

^  Thia  coDformity  is  by  no  means  universaL 
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If  they  were  intrusive  they  would  follow  in  their  course  the  line  of  least 
resistance,  which  would  probably  be  the  direction  of  the  bedding  of  the 
sediments.  If,  however,  as  seems  from  various  considerations  much 
'more  probable,  these  greenstones  belong  to  a  formation  older  than  the 
Huronian,  and  if  they  were  produced  in  the  form  of  great  igneous  (and 
perhaps  submarine)  overflows  which  composed  the  bottom  of  the  basin 
in  which  the  iron-bearing  sediments  were  subsequently  deposited,  then 
the  great  lateral  compression,  which  so  contorted  these  sediments  and 
elevated  them  into  their  present  almost  vertical  position,  would  have 
brought  the  underlying  greenstones  at  the  same  time  into  just  the  posi- 
tion they  now  occupy.  And  if  these  greenstones  had  been  formed  as 
successive  flows,  differing  more  or  less  in  structure  and  composition,  in 
the  process  of  upheaval  they  must  have  behaved  like  any  other  com- 
plex of  horizontal  beds  and  have  produced  conformable  members  of  the 
series exposedin  the  Menominee  valley,  as  is  actually  the  case. 

Now,  also  in  regard  to  the  second  point  of  objection,  if  we  admit  that 
massive  rocka  may  have  a  schistose  structure  (like  a  slaty  cleavage), 
developed  in  them  by  pressure,  then,  in  this  case,  the  direction  of  this 
cleavage,  perpendicular  to  the  action  of  the  pressure,  must  agree  with 
the  stratHication  of  the  now  almost  vertical  sediments. 

Nor  is  it  necessary  to  assume  that  the  schistosity  of  these  rocks  was 
wholly  produced  at  the  same  time  with  the  crumpling  and  slaty  cleav- 
ages of  the  overlying  detritalsj  since  the  same  crumpling  force  may 
have  worked  in  the  same  direction  at  two  widely  separated  periods. 
Indeed,  there  is  excellent  reason  to  believe  in  two  such  periods,  since 
the  dikes,  which  in  the  Marquette  region  penetrated  the  greenstone 
schists  subsequent  to  their  being  made  schistose,  have  evidently  them- 
selves been  subjected  to  further  squeezing.  These  dikes  appear  to  be 
contemporaneous  with  the  sheets  of  greenstone  interfolded  with  the 
detrital  iron-bearing  strata,  which  sheets  themselves  show  a  similar  de- 
gree of  schistosity  with  the  dikes  referred  to.  In  the  Marquette  region 
there  is  generally  a  very  noticeable  difference  as  to  the  amounts  of  sec- 
ondary cleavage  in  the  greenstone- schist  area,  and  in  the  strata  of  the 
overlying  iron-bearing  series,  this  being  very  much  greater  in  the  former 
case.  Coincident  with  this  difference  is  the  frequent  gentle  bowing  of 
tiie  iron-bearing  strata  in  this  region,  the  dips  of  its  layers  being  often 
quite  flat,  while  the  cleavage  of  the  green  schists  always  stands  at  a 
very  high  angle.  In  the  Menominee  region,  on  the  other  hand,  the 
foIding^  of  the  iron-bearing  series  is  very  much  closer  and  slaty  cleavage 
is  much  more  generally  developed.  This  would  seem  to  indicate  that 
the  second  period  of  squeezing  was  more  intense  in  the  Menominee 
area,  and  that  it  was,  therefore,  probably  more  instrumental  in  render- 
ing the  greenstones  schistose  here  than  in  the  Marquette  region. 

The  arguments  used  by  the  defenders  of  the  sedimentary  origin  of 
the  Menominee  greenstones  can  not  therefore  be  regarded  as  valid. 
On  the  other  hand  we  may  cite,  as  positive  evidence  that  the  foliation 
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of  the  greenstones  is  a  secondary  feature,  the  fact  stated  by  Major 
Brooks,  that  at  the  Four-Foot  Fall  this  foliation  is  <jonformable  to  the 
adjoining  clay-slate,  which  has  a  "  strong  cleavage  and  no  distinguish- 
able bedding  planes."*  Thus  the  schistose  structure  of  the  greenstone 
now  agrees  with  the  secondary  slaty-cleavage  of  the  sediment,  which, 
of  course,  may  or  may  not  agree  with  its  original  bedding,  since  this 
is  here  obliterated.  Furthermore,  what  foliation  the  greenstones  pos- 
sess may  be  traced  in  almost  every  case  into  a  jointing,  or  into  bands 
produced  by  the  crushing  attendant  upon  faulting  and  slipping,  which 
has  taken  place  within  the  rock-mass.  Finally,  the  abruptness  with 
which  the  foliation  of  the  greenstones  commences  and  breaks  off  in  the 
direction  of  the  strike  is  wholly  inconsistent  with  the  theory  that  it  is 
due  to  original  stratification.  At  the  Four-Foot  Fall,  for  instance,  the 
greenstones  strike  almost  at  right  angles  to  the  river,  and  yet  they  are 
very  schistose  on  the  Wisconsin  and  very  massive  on  the  Michigan 
bank.  Such  cases  are  not  uncommon  while  even  more  difficult  to  ex- 
plain are  differences  in  the  strike  of  schistose  bands  which  traverse 
a  massive  rock  (like  those  observed  at  the  Upper  Twin  Fall),  unless  we 
assume  that  they  wore  produced  by  a  force  which  acted  unevenly  and 
not  in  a  constant  direction. 

The  field  evidence  that  the  greenstones  within  the  Marquette  belt 
are  of  igneous  origin  is  not  so  plain  as  that  encountered  in  the  Menom- 
inee valley.  Although  we  find  here  unmistakable  dikes  of  unal- 
tered diabase  and  others  of  altered  though  still  massive  greenstone, 
yet  some  of  the  most  important  of  these  rocks,  esi)ecially  iu  the  north- 
ern part  of  the  Marquette  area,  are  so  regularly  banded  and  stratified 
that  we  are  obliged  to  seek  the  agency  of  water  to  account  for  their 
formation.  Nevertheless,  we  are  not  obliged  to  separate  even  these 
greenstones  altogether  from  the  igneous  rocks  which  accompany  them. 
For  reasons  stated  at  length  in  Chapter  IV,  they  may  be  most  satis- 
faotorily  explained  as  tuff  deposits,  half  volcanic,  half  sedimentary, 
which  throw  important  light  upon  the  physical  conditions  under  which 
the  more  massive  rocks  were  produced. 

Strong  collateral  evidence  respecting  the  original  nature  of  the  green- 
stones of  both  these  areas  may  be  obtained  from  a  study  of  the  acid  rocks 
which  are  quite  constantly  associated  with  them.  The  indications  of 
the  eruptive  character  of  these  rocks  are  so  unmistakable  that  it  seems 
to  have  hardly  ever  been  doubted  by  any  one  who  has  examined  them. 
Large  areas  of  granite  occur  on  each  side  of  the  Huronian  basins,  both 
iu  the  Menominee  valley  and  near  Marquette,  and  dikes  and  apophyses, 
presumably  radiating  from  these  main  masses,  penetrate  the  green- 
stones for  a  considerable  distance  (cf.  the  Upper  Quinnesec  Fall,  Horse 
Race,  and  region  just  north  of  Marquette).  I^Tow,  the  composition  of 
these  acid  rocks  is  such  that  they  resist  chemical  alteration  much  more 
successfully  than  those  of  a  more  basic  character.    Hence  we  should 


•  Greol.  Wisconsin,  toI.  3,  p.  475.  .  . 
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expect  to  find  their  distinctively  eruptive  features,  such  as  dike-form, 
line  of  contact,  original  structure,  etc.,  much  better  preserved.  This  is 
the  case,  and  yet  these  eruptive  rocks  often  present  phenomena  of  sec- 
ondary foliation  quite  identical  with  those  seen  in  the  greenstones. 

Near  the  southern  end  of  the  Brook  Section,  just  west  of  Marquetre, 
this  intrusive  granite  is  filled  with  fragments  of  the  surrounding  schist 
which  it  tore  ofif  while  yet  in  a  molten  state.  At  the  lower  end  of  the 
Horse  Race  Rapid,  on  the  Menominee  River,  the  acid  dikes  show  a 
marked  diminution  in  the  size  of  the  grain  toward  the  dike  walls,  a 
gtructure  eminently  characteristic  of  rocks  which  have  crystallized  in 
fissures.  If  ear  Upper  Qninnesec  Falls  also  was  discovered  a  rock  closely 
resembling  a  granitic  hornfels  (No.  11064).  But  in  spite  of  all  the  evi- 
dence that  the  acid  rocks  are  eruptive,  their  dikes,  for  the  most  part, 
follow  the  strike  of  those  through  which  they  break,  since  this  is  the 
hue  of  least  resistance,  while  many  of  th^m  have  a  perfect  foliation  and 
even  a  gneissic  structure.  What  we  may  regard  as  satisfactory  proof 
tiiat  this  foliation  is  a  secondary  feature  may  be  seen  at  the  head  of  the 
Horse  Race,  where  it  conforms  to  the  general  strike  of  the  surrounding 
greenstones,  even  where  this  does  not  coincide,  as  is  exceptionally  the 
case,  with  the  sides  of  the  acid  band  (see  p.  115).  A  similar  structure 
has  been  observed  by  Prof.  Ch.  E.  Weiss,  of  Berlin,  near  Thai,  in  Thu- 
ringia ;  ^  and,  like  the  present  case,  it  may  "be  regarded  as  certain  evi- 
dence that  a  schistose  or  even  a  banded  structure  may  be  developed  in 
acid  dikes  by  secondary  causes,  independent  of  their  own  direction, 
but  conformable  with  the  strike  of  the  surrounding  rocks. 

Microscopical  evidence. — The  most  convincing  proof  that  the  rocks  of 
the  Menominee  and  Marquette  greenstone  areas  are  of  igneous  origin 
is  not  to  be  derived,  however,  from  their  field  relations,  but  rather  from 
their  microscopical  structure.  It  is  true  that  there  are  many  cases 
where  rocks  of  widely  dissimilar  origin  resemble  one  another  so  closely 
tiiat  not  even  the  minutest  study  of  their  internal  structure  is  able  to 
distinguish  them  with  certainty ;  nevertheless  there  are  in  other  cases 
well  marked  peculiarities  of  structure  which  may  be  regarded  as  un-. 
failing  indications  that  the  rock  possessing  them  has  crystallized  out  of 
a  molten  magma. 

An  explanation  for  these  facts  is  not  difficult  to  find.  The  original 
structures  of  clastic  and  igneous  rocks  are  characteristic  and  essentially 
distinct.  Where  these  remain  there  is  no  danger  of  confusion.  In  the 
process  of  metamorphism,  however,  there  is  a  constant  tendency  to  ob- 
literate the  original  features  and  to  substitute  for  them  certain  second- 
ary fe^ures.  But  these  latter  depend  altogether  upon  the  chemical 
constitution  of  the  mass  and  the  nature  of  the  metamorphosing  forces, 
and  are  independent  of  both  the  mineral  composition  and  the  structure 
of  the  original  rock.    Hence  it  is  that  rocks  fundamentally  distinct  in 

'  Petrographische  BeltrSjje  aas  dom  nordlichen  ThiiringOT  Walde.  Jabrbuoh  prcass.  gool.  Landes- 
•iBtaH  far  1883,  pp.  2ia>287.    Berlin,  1884. 
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both  origin  and  structure  gro^  more  and  more  alike  when  subject  to 
metamorphism.  They  may  finally  become  indistinguishable  and  thus 
their  life  histories  may  be  lost,  bat  so  long  as  any  trace  of  the  original 
sti'ucture  is  recognizable  it  may  be  relied  upon  as  a  safe  guide. 

It  is,  therefore,  a  matter  of  prime  importance  in  petrography  to  be 
thoroughly  acquainted  with  original  rock  structures,  and  to  understand 
their  significance.  As  a  rule,  those  found  in  igneous  rocks  are  more  un- 
mistakable than  those  which  characterize  clastic  deposits.  For  instancy, 
universal  observation,  together  with  numerous  synthetical  experiments 
in  the  laboratory,  has  shown  that  the  peculiar  divergent  radial  struct- 
ure, known  as  the  '*  ophitic  ^  or  ''  diabase "  structure,  is  always  the 
product  of  crystallization  from  a  molten  mass  of  certain  basic  rocks. 
No  siugle  observation  has  ever  been  made  to  indicate  that  this  structure 
can  originate  in  a  sediment  or  by  any  metamorphism  of  a  sediment; 
hence,  we  are  justified,  when  we  encounter  the  *' ophitic"  structure  in 
a  rock  (no  matter  how  much  it  may  otherwise  resemble  a  sedimentary 
deposit)  in  assuming  that  it  is  of  igneous  origin.  Now,  precisely  this 
characteristic  structure  is  what  we  do  meet  most  frequently  in  the 
greenstones  of  both  tlie  Menominee  and  the  Marquette  area.  Nor  is  it 
alone  in  the  most  massive  and  apparently  least  altered  specimens  that 
it  is  found ;  often  the  most  perfectly  schistose  of  these  greenstones  dis- 
close it,  and  that,  too,  where  none  of  the  mineral  components  have 
escaped  complete  alteration. 

Other  structures,  scarcely  less  typical  of  an  igneous  origin  are  also 
encountered  in  other  of  the  Marquette  and  Menominee  rocks.  Some 
of  these  are :  porphyritic  structure^  with  well  defined  crystals  and  even 
a  zonal  growth ;  micropegmatite  and  granophyre  structure^  in  granite, 
diorite  and  diabase ;  poicilitic  structure^  shown  by  the  hornblende  in  the 
diorite  porphyry  at  Lower  Quiunesec  Falls.  The  skeleton  forms  of  the 
acicular  feldspar  crystals,  still  recognizable  in  the  aphanitic  greenstones 
of  the  Upper  Twin  Fall,  as  well  as  in  those  of  the  southern  Marquette 
and  Negaunee  areas,  are  also  strongly  indicative  of  igneous,  and  per- 
haps also  of  glassy  rocks. 

The  evidence  of  eruptive  origin  aflforded  by  the  present  mineral  com- 
ponents of  the  Marquette  and  Menominee  rocks  is  not  so  satisfiactory 
as  that  based  on  their  structure.  Nor  is  this  different  from  what  we 
should  expect.  Chemical  metamorphism  precedes  structural  metamor- 
phism. Instances  are  frequent  in  both  regions  of  the  disappearance  of 
every  original  mineral,  while  the  structure  remains  intact.  If  we  excei>t 
the  comparatively  recent  and  unaltered  diabases  near  Marquette,  pyrox* 
ene — that  most  characteristic  of  volcanic  minerals — was  hardly  ever  en- 
countered except  in  the  gabbro  at  Sturgeon  Falls.  We  can,  however, 
assert  with  certainty  that  it  was  once  present  in  many  other  rocks, 
where  it  is  now  represented  by  the  pale  green  hornblende  into  which  it 
so  readily  passes.    Other  species  typical  of  igneous  rocks,  such  as  lath- 
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shaped  labradorite  crystals  and  ilmenito  fnuged  with  leacoxene,  on  the 
other  hand,  are  still  met  with  in  abundance. 

With  such  evidence  that  the  greenstones  and  associated  acid  rocks 
of  the  Menominee  and  Marquette  regions  are  igneous  in  their  origin, 
we  may  next  inquire  as  to  how  many  diflferent  types  may  still  with  cer- 
tainty be  recognized  among  them.  Ib  this  section,  whose  effort  it  is 
to  reconstruct  the  original  form  of  the  greenstones,  no  reference  will 
be  made  to  the  secondary  or  metamorphic  rock-types. 

DIFFERENT  ORIGINAL  ROCK-TYPES. 
BASIC  BOCKA. 

Olivine  Gabbro. — This  type,  containing  abundant  and  perfectly  crys- 
tallized olivine,  was  found  only  in  the  northern  area  above  Negaunee  ; 
(See  Chap.  V,  p.  180);  and  even  here  under  circumstances  which  left 
doubt  as  to  whether  the  exposure  was  in  situ,  or  a  part  of  a  huge,  buried 
glacial  bowlder. 

Oabbro. — The  only  undoubted  representatives  of  this  type,  i.  e.,  gran- 
ular aggregates  of  allotriomorphic  diallage  and  plagioclase,  were  found 
at  Sturgeon  Falls  on  the  Menominee  Eiver.  Their  diallage  is  of  an 
unusually  pale  color  and,  like  the  whole  rock,  remarkably  poor  in  iron, 
(cf.  analysis  on  p.  76.)  Their  feldspar  is  almost  wholly  changed  to 
saussurite.  The  rock  exposed  near  the  Eureka  shaft,  two  miles  west 
of  Marquette,  appears  once  to  have  belonged  to  this  same  type  (p.  70); 
while  the  granular  diorites  so  common  at  the  Quinnesec  Falls,  although 
they  now  contain  only  pale  green  hornblende  and  no  diallage,  agree  so 
closely  with  the  Sturgeon  Falls  rock  in  appearance,  structure,  and  chem- 
ical composition,  that  it  is  very  probable  that  they  were  once  gabbros 
also  (pp.  86,  102). 

Diabase. — This  is  by  far  the  most  common  rock-type  and  it  is  found 
in  every  variety  and  stage  of  alteration. 

An  unaltered  olivine  diabase  is  the  youngest  rock  of  the  Marquette 
area.  It  intersects  all  the  other  greenstones  as  well  as  the  granite,  as 
may  be  seen  at  the  mouth  of  Dead  liiver,  besides  occurring  in  inter- 
bedded  sheets  in  the  iron  bearing  series  itself.  It  forms  the  great  dike 
which  terminates  at  Lighthouse  Point,  as  well  as  many  other  smaller 
ones  exposed  in  the  Brook  Section,  in  the  northern  area  and  at  other 
localities.  As  the  olivine  is  the  first  of  all  minerals  to  disappear,  this 
type  can,  of  course,  be  recognized  only  in  the  freshest  specimens. 

It  is  not  always  possible  to  say  positively  whether  the  quartz  in  the 
diabase  is  an  original  or  a  secondary  constituent.  The  former,  how- 
ever, is  probably  the  case  in  certain  very  fresh  specimens  and  where, 
as  in  !No.  11676  from  the  great  dike,  and  No.  11640  from  Front  street, 
Marqnette,  it  is  present  as  a  micropegmatitic  intergrowth  with  the 
feldspar  (p.  141). 

"S^o  non-olivinitic  diabase  was  discovered  in  a  perfectly  fresh  state,  but 
this  type  is  assumed  for  many  occurrences  in  which  alteration  is  more  or 
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less  advanced.    Such  an  assumption  must,  however,  be  doubtful,  since 
any  original  olivine  would  have  been  the  first  mineral  to  disappear. 

Diabase  Porphyry. — ^It  is  now  impossible  to  say  whether  the  porphy- 
ritic  greenstones  occurring  at  the  western  end  of  the  ridge  below  the 
Lower  Quiunesec  Falls  once  belonged  to  this  type  or  not.  If  they  did, 
they  contained  considerable  original  brown  hornblende  as  an  accessory 
constituent;  but  it  seems  more  probable  that  these  rocks  were  diorites. 

Glassy  Diabase  and  Melaphyre. — From  the  sides  of  the  unaltered  dia- 
base dikes,  glassy  and  half  glassy  rocks  were  obtained,  which,  of 
course,  represent  only  a  local  facies  of  the  main  mass,  due  to  more  rapid 
cooling.  They  contain  incomplete  and  skeleton  forms  of  the  minerals 
.which  were  the  first  to  crystallize,  and  in  this  respect  they  closely  re- 
semble some  of  the  aphanitlc  greenstones  of  the  southern  Marquette 
and  Negaunee  areas.  Indeed,  one  of  these  half  glassy  rocks  from  the 
edge  of  a  much  altered  dike  in  the  Brook  Section,  near  Marquette  (No. 
11680,  see  p.  144),  is  quite  identical  with  a  certain  widespread  variety  of 
the  fine  grained  greenstones,  and  gives  perhaps  the  clew  for  the  decipher- 
ing of  their  original  form  (cf.  p.  163). 

Diorite. — The  readiness  with  which  the  pyroxene  of  eruptive  rocks 
passes  over  into  a  corresponding  amphibole,  makes  the  number  of  dior- 
ites among  the  Menominee  and  Marquette  greenstones  appear  much 
larger  than  it  really  is.  A  majority  of  these  are  undoubtedly  of  second- 
ary origin,  having  been  derived  from  pyroxene  rocks.  Nevertheless, 
others  of  them,  in  which  the  secondary  hornblende  can  be  traced  back 
into  a  compact  brown  variety  of  the  same  mineral,  must  be  regarded  as 
true  diorites,  unless  we  make  the  assumption  that  pyroxene  has  passed 
by  paramorphism  first  into  basaltic,  and  subsequently  intofibrous  green 
hornblende.  The  origin  of  other  of  the  dioritic  greenstones  must 
always  remain  uncertain.  Even  at  the  risk  of  including  some  rocks  of 
secondary  origin,  the  principal  dioritic  types  may  be  enumerated  as  fol- 
lows :  Oabbro  type— light  colored,  granular  rocks,  like  those  forming  the 
barrier  at  Upper  Quinnesec  Falls ;  these  so  closely  resemble  the  Stur- 
geon Falls  gabbro  (even  down  to  the  orthopinacoidal  parting  of  their 
hornblende)  that  there  is  strong  reason  to  believe  that  they  have  been 
derived  from  a  similar  rock.  Coarse  grained  diorite  of  the  Horse  Race, 
with  idiomorphic  feldspar  and  a  pale  green  hornblende,  which,  though 
itself  secondary,  has  probably  been  formed  from  a  compact  variety  of 
the  same  species.  Granular  diorite^  like  No.  11175  from  Four-Foot  Falls 
and  several  dike-rocks  in  the  Negaunee  and  Northern  areas.  Q^iariz 
diorite^  like  the  Picnic  Island  rock  and  No.  1183J,  from  the  Northern 
area,  west  of  Marquette.  (See  Plate  IX,  fig.  2.)  Both  of  these  are  per- 
haps more  properly  amphibole  granites,  although  the  relative  propor- 
tions of  their  ferthoclase  and  triclinic  feldspar  leaves  this  in  doubt.  The 
so-called  "epidiorites"  are  undoubtedly  of  secondary  origin,  and  have 
been  derived  generally  from  augitic  rocks. 
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IHorite  Porphyry. — The  tocks  containing  large  poicilitic  hornblende 
crystalfl,  collected  from  the  western  end  of  the  ridge  below  the  Little 
Quinnesec  Falls,  which  have  already  been  mentioned  under  the  head  of 
Diabase  Porphyry,  although  they  should  perhaps  receive  the  above 
designation. 

Tuffs. — The  schistose,  banded  greenstones  which  compose  so  largo  a 
part  of  the  northern  Marquette  area  are  found  to  be  best  explained  as 
tntr  deposits  of  the  basic  eruptives  which  accompany  them. 

ACID  BOCKS. 

Granite. — Each  of  the  greenstone  areas  is  bounded  on  both  the  north 
and  south  by  a  large  mass  of  granite.  This  rock  is  a  typical  granitite 
as  can  be  best  seen  from  the  specimens  collected  south  of  the  Horse 
iiace  in  the  Menominee  Valley  and  north  of  the  Marquette  greenstone 
l)elt.  Muscovite  granite  occurs  in  some  of  the  bosses  near  Marquette, 
notably  at  the  so  called  *^gold  mine''  near  Pine  street.  Amphibole 
granite  is  possibly  represented  in  the  specimens  from  Picnic  Islands  and 
the  Northern  area  which  have  already  been  mentioned  under  the  head 
of  Quartz  Diqrite,  although  they  appear  to  occupy  a  position  midway 
between  these  two  types.  ^ 

Oranite  Porphyry  and  Quartz  Porphyry  are  the  forms  assumed  by  the 
granite  where  it  penetrates  the  greenstones  in  dikes  or  apophyses. 
They  are  abundant  in  both  areas  and  are  united  by  a  continuous  series 
of  transitional  forms.  These  rocks  are  among  the  most  interesting  ones 
anywhere  met  with  on  account  of  the  perfection  with  which  they  show 
the  effects  of  dynamic  action.  By  either  stretching  or  compression 
they  are  changed  into  Augen  gneiss  or  schistose  porphyry,  both  of  which 
retam  in  their  microscopic  structure  very  plain  evidence  of  the  manner 
in  which  they  were  produced. 

ORIGINAL  MINERAL  CONSTITUENTS. 

Orthoclose  occurs  in  all  the  acid  rocks — granites,  and  porphyries ;  in 
some  of  the  fragmental  rock,  as,  for  instance,  those  near  Iron  Mount- 
ain and  in  the  stretched  tuffs  on  the  Carp  River  north  of  Teal  Lake, 
and  probably  in  the  Picnic  Island  rock  north  of  Marquette. 

Microcline. — It  is  doubtful  whether  this  form  of  potash  feldspar  is 
ever  original.  In  some  cases  at  least  it  is  certainly  the  result  of  intense 
dynamic  action  on  rocks  already  solid. 

Oligoclaae  is,  in  all  probability,  the  species  of  striated  feldspar  occur- 
ring in  the  granites. 

Labradoriie  is  the  prevailing  original  feldspar  in  all  the  greenstones, 
as  it  is  in  the  unaltered  diabases  occuring  near  Marquette. 

Quartz  is  an  abundant  component  of  all  the  acid  types ;  and  it  occurs 
also  in  both  diorites  and  diabases,  although  it  is  here  not  always  pos- 
,  sible  to  distinguish  between  what  is  original  and  what  is  secondary. 

Muscovite  seems  to  exist  in  one  or  two  granites  as  a  primary  compo- 
nent, but  in  the  majority  of  cases  it  is  a  derivative  of  the  orthoclase. 
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Biotite  is  abundant  in  tbe  granites.  It  is  also  present  in  the  dioritea, 
especially  in  those  from  the  Horse  Race  Rapid,  althongh  here  it  may 
be  secondarily  developed  out  of  the  hornblende.  In  the  diabase  it  is 
sometimes  seen  forming  a  border  around  the  ilmenite. 

Eomblende. — Compact  brown,  or  basaltic  hornblende  is  common  in 
very  many  of  the  greenstones,  though  mostly  as  remnants  of  crystals 
which  have  become  partly  green  or  fibrous.  It  is  also  present  in  the 
Sturgeon  Falls  gabbro  and  in  the  Marquette  olivine  diabase.  Compact 
green  hornblende  is  also  a  very  common  mineral  in  the  greenstones,  but 
it  impossible  to  tell  to  how  great  a  degree  this  may  be  of  secondary  origin. 

IHallage  of  a  very  pale  color  and  very  poor  in  iron  is  abundant  in  the 
gabbro  of  Sturgeon  Falls.    (See  PL  VIII,  fig.  1.) 

Augite  of  the  ordinary  kind,  having  a  reddish  brown  color  in  trans- 
mitted light,  is  an  essential  ingredient  of  all  the  fresher  diabases ;  and 
often  exists  as  a  core  in  the  center  of  partially  uralitized  crystals. 

Olivine,  in  fresh  and  perfectly  formed  crystals,  was  found  in  the  oli- 
vine gabbro  of  doubiful  origin  which  occurred  in  the  Northern  area 
above  Negaunee.  It  also  once  formed  a  component  of  the  younger  dia- 
bases near  Marquette,  although  it  is  now  so  altered  to  serpentine  as  to 
be  only  recognizable  by  its  form. 

Zircon  is  abundant  in  nearly  all  the  acid  rocks,  and  is  present  in  the 
sediments  near  Iron  Mountain  in  the  Menominee  valley.    (So.  11113.) 

Apatite  is  universal  in  all  the  rocks  which  have  not  been  sufficiently 
altered  to  obscure  it. 

Tourmaline  is  common  in  the  more  acid  rocks.  It  may  be  best  seen 
in  the  granite  and  acid  dikes  near  the  Horse  Race  and  Upper  Quinne- 
sec  Falls.  It  is  also  present  in  the  sediments  exposed  near  Iron  Mount- 
ain and  Four-Foot  Falls,  as  well  as  in  the  hornfels  (No.  11064.) 

Spliene  occurs  in  both  granite  and  diorite,  especially  in  association 
with  hornblende.  In  some  instances  it  seems  to  have  been  derived 
from  the  alteration  of  ilmenite. 

Orihite  [Allaniie)  is  present  in  certain  granites,  both  near  the  Horse 
Race  and  in  the  Northern  area  above  Negaunee. 

Ilmenite  and  Magnetite. — The  opaque  iron  oxide  minerals  are  present 
in  all  the  rocks  in  their  usual  abundance.  Ilmenite  is  the  most  fre- 
quent, especially  in  the  greenstones,  but  magnetite  is  also  present 

CONDITIONS  UNDER  WHICH  THE  GREENSTONES  WERE  FORMED. 

There  is  considerable  evidence  to  show  that  the  greenstones,  both  of 
the  Menominee  and  the  Marquette  region,  solidified  at  the  surface, 
under  subaerial  or  subaqueous  conditions. 

in  the  Menominee  Valley  this  evidence  consists  (1)  of  the  fine  text- 
ure of  the  rocks )  and  (2)  of  the  alternation  of  bands  of  different  typos, 
which  probably  in  their  original  position  represented  successive  flows. 
Finenessof  grain  is  universal  in  the  Menominee  greenstones,  and  we  may 
be  certain  that  it  was  a  primary  feature  in  spite  of  the  extensive  alter- 
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atioD  of  these  rocks.  Tt  is  especially  noticeable  in  the  case  of  the  gab- 
bro,  which  is  almost  always  a  coarse  grained  rock  when  it  has  solidified 
at  any  depth.  The  succession  of  massive  beds,  like  the  pale  gabbros 
and  the  dark  diabases  seen  at  Lower  Quinnesec  Falls,  are  difficult 
to  account  for  except  by  supposing  that  they  were  once  horizontal 
sheets  which  flowed  one  over  another  and  which  were  subsequently  ele- 
vated into  their  present  nearly  vertical  position.  Traces  of  tufif  mate- 
rial are  not  as  distinct  here  as  in  the  Marquette  region,  although  indi- 
cations of  their  existence  are  by  no  means  wanting.  We  might  reason- 
ably expect  that  any  original  scoriaceous  or  amygdaloidal  structure 
would  have  disappeared  in  the  course  of  the  profound  chemical  changes 
through  which  these  greenstones  have  passed. 

In  the  Marquette  area  proof  of  the  superficial  origin  of  the  green- 
stones may  be  found  (1)  in  the  fineness  of  grain,  and  (2)  in  the  frag- 
mental  detritus  or  tuff,  such  as  would  accompany  volcanic  action.  The 
so  called  ^^  aphanitic  greenstones,''  which  play  so  important  a  role  in  the 
southern  Marquette  and  Negaunee  districts,  have  traces  of  a  structure 
like  that  o^a  porphyrite  or  melapbyre  (see  PI.  X,  fig.  2).  At  least 
there  are  incomplete  forms  of  feldspar  crystals  apparently  imbedded  in 
a  groundmass  which  might  easily  have  originated  from  the  devitrifica- 
tion and  decomposition  of  a  cryptocrystalline  or  even  glassy  base.  The 
finely  banded  greenstone  schists  occupying  the  northern  portion  of  the 
Marquette  belt  present  such  strong  evidence  of  stratification  and  such 
peculiarities  of  microscopic  structure  (see  PI  XYI,  fig.  1)  that  they  are 
best  explained  as  tuff  deposits  belonging  to  the  massive  basic  rocks. 
The  presence  of  fragmental  material  of  this  kind,  of  course,  strongly 
indicates  surface  origin  for  all  these  greenstones.  Still  other  signs 
point  in  the  same  direction.  At  least  one  well  marked  specimen  of 
amygdaloidal  structure  (No.  11746)  was  found  near  Baldwin's  Kilns,  but 
in  the  present  highly  altered  condition  of  these  rocks  it  can  only  occa- 
sion surprise  that  even  this  was  preserved. 

KACBOSTBUOTUBAL  METAMORPHISM  OP  THE  MENOMINEE  AND  MAE- 
QUBTTE  MASSIVE  ROCKS. 

This  embraces  all  modifications  in  the  structure  of  the  massive  rocks 
prodaoed  by  dynamic  agencies  and  plainly  visible  to  the  unaided  eye. 
Such  changes  consist  for  the  most  part  in  the  production  of  a  banding, 
foliation,  or  schistose  structure,  which  tend  to  make  the  eruptive  rocks 
resemble  stratified  deposits.  They  are  a  secondary  feature  and  must 
be  correlated  with  the  slaty  cleavage,  not  with  the  original  bedding  of 
sediments. 

Inthe  process  of  upheaval  and  folding  rocks  may  be  subjected  to  great 
compression,  with  more  or  less  attendant  shearing  or  faulting,  or  the  re- 
verse may  be  true  and  a  tension  result.  In  the  first  case  foliation  is 
produced ;  in  the  second,  the  phenomena  of  stretching. 
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BfACBOSTBUCTURAL  MBTAMORPHISM  THROUGH  COMPRESSION|  FAULTINQ,  OR  CRUSHING. 

Simple  compression, — There  seems  to  be  uo  doubt  that  a  foliatiou  or 
slaty  cleavage  may  be  produced  by  pressure  iu  massive  as  well  as  in 
stratified  rocks.  This  cleavage  is  developed  ia  all  cases  at  right 
angles  to  the  direction  of  the  pressure.  It  is  particularly  frequent  in 
such  basic  eruptive  rocks  as,  by  their  chemical  composition,  are  more 
subject  to  alteration.  In  these  the  secondary  development  of  such 
cleavable  minerals  as  chlorite,  hornblende,  sericite,  and  biotite,  which 
are  given  a  parallel  arrangement  by  crystallizing  under  pressure, 
strongly  conduces  to  the  production  of  a  schistose  structure.  The 
pressure  accelerates  the  chemical  action,  and  may  in  this  way  de- 
velop a  schistose  out  of  a  massive  rock  without  movement  in  the  mass, 

A  very  general  feature  in  the  foliated  greenstones  of  both  the  Me- 
nominee and  Marquette  regions  is  their  tendency  to  cleave  parallel  to 
a  line  instead  of  parallel  to  a  plane;  in  other  words,  they  possess  a 
dip  but  no  decided  strike.  The  rock  then  breaks  with  readiness  into 
long  rhomboidal  prisms  with  almost  any  angle,  but  is  severed  with 
difficulty  at  right  angles  to  this  axis  of  foliation.  Such  a  structure 
wonld  seem  to  indicate  the  action  of  an  unequal  or  shifting  pressure. 
Examples  of  this  method  of  parting  are  very  common,  especially  at 
Sturgeon,  Lower  Quinnesec,  and  Twin  Falls,  in  the  Menominee  Valley, 
and  in  the  southern  portion  of  the  Marquette  greenstone  area. 

One  of  the  best  proofs  of  the  secondary  origin  through  dynamic 
agency  of  the  greenstone  foliation  is  the  fact,  noticed  by  Major  Brooks, 
that  at  Four-Foot  Falls  this  is  parallel  to  the  slaty  cleavage,  but  not  to 
the  bedding  of  adjoining  sediments. 

Another  method  by  which  a  schistose  structure  is  produced  in  the  Me- 
nominee greenstones,  is  the  gradual  flattening  of  the  rhomboidal  prisms 
which  are  formed  by  the  intersection  of  two  sets  of  joint-planes.  This 
is  illustrated  by  Figs.  20,  21,  and  22,  on  page  128.  These  prisms  seem 
to  be  elongated  by  the  action  of  intense  pressure  into  a  series  of  inter- 
lacing lenses.  A  sort  of  "  Flaser  "  structure  is  thus  produced  which,  in 
its  extreme  development,  becomes  a  well  characterized  schistose  struct, 
ure.  Even  in  the  broadest  of  these  prisms  a  latent  cleavage  is  often 
noticeable  parallel  to  their  longest  diagonal,  always  following  the 
general  strike  of  the  adjoining  rocks.  This  structure,  which  I  have 
designated  as  rhomboidal,  or  diamond  parting,  may  best  be  seen  at  the 
Twin  Falls  or  at  the  upper  end  of  the  great  greenstone  ridge  below 
Lower  Quinnesec  Falls. 

Faulting  or  crushing, — A  schistose  structure  is  always  produced  in 
massive  rocks  along  lines  where  a  great  tension  has  been  relieved  by 
breaking  and  a  consequent  displacement.  Movement  of  this  kind  within 
a  solid  mass,  must  be  accompanied  by  more  or  less  intense  crnshing, 
and  this  allows  increased  circulation  and  hence  of  the  rapid  production 
of  secondary  crystallizations.    Admirable  instances  of  this  phenom- 
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euon  aboaod  in  both  the  Menominee  and  Marquette  greenstones.  At 
the  Sturgeon  Falls,  along  the  basin  just  below  Lower  Quinnesec  Falls^ 
l)elow  the  Horse  Race,  at  the  Twin  Falls,  at  the  foot  of  Arch  street, 
Marquette,  and  at  nrany  other  localities  within  this  area,  it  may  be  seeu 
with  remarkable  distinctness.  The  exact  effect  of  the  crushing  on  the 
original  mineral  constituents  is  visible  only  under  the  microscope  and 
hence  will  be  considered  in  the  succeeding  chapter  5  but  any  one  who 
will  carefully  examine  any  of  the  above  named  localities  can  not  fail  to 
be  convinced  of  the  continuity  and  original  identity  of  the  massive  and 
schistose  rocks. 

Both  the  width  of  these  schistose  bands  and  the  intensity  of  the 
crushing  which  they  exhibit  vary  widely  in  different  cases.  Their  di- 
rection almost  always  coincides  with  the  general  strike,  although  at 
Upper  Twin  Falls  such  bands  were  observed  to  have  a  different  direc- 
tion.    (Seep.  132.) 

This  pulverization  of  the  rock  is  accompanied  by  greatly  increased 
chemical  action  (except  in  the  notable  instance  of  the  feldspar)  and  the 
abundant  production  of  chlorite.  Such  crushed  bands  possess  a  more 
or  less  perfect  lenticular  or  <*  Flaser  ^  structure,  which  passes  gradually 
into  a  lamination  where  the  action  has  been  more  intense.  This  is  al- 
most entirely  due  to  the  parallel  arrangement  of  the  secondary  chlorite 
scales,  so  that  we  have  a  basic  eruptive  rock  developing  into  a  typical 
chlorite  schist. 

Excellent  examples  of  a  massive,  though  much  altered  greenstone 
fraying  out  into  a  chlorite  schist  by  the  action  of  a  shearing  force  along 
lines  of  slight  displacement,  were  found  at  lower  Twin  Falls,  and  are 
illustrated  in  Figs.  23  and  24.    (See  pp.  129, 130.) 

The  great  mechanical  force  generated  in  the  course  of  orographic 
movements,  aided  by  chemical  action,  sometimes  develops  schistose 
bands  in  massive  rocks,  which  wind  around  and  encircle  compact  cores. 
These  are  spheroidal  or  lenticular  in  shape,  and  seem  for  some  unknown 
reason  to  have  better  resisted  the  metamorphosing  influences.  A  fine 
example  of  this  kind  may  be  seen  on  the  Wisconsin  side  of  the  Menom- 
inee Eiver,  just  at  the  foot 'of  Lower  Quinnesec  Falls.  It  is  repre- 
sented by  specimens  Nos,  11017  to  11020,  described  on  p.  93.  Other 
examples  of  the  same  kind  occur  in  the  railroad  cut  near  Front  street, 
Marquette. 

This^  last  described  structure  has  much  in  common  with  the  spheroidal 
or  lenticular  parting  observed  in  the  aphanitic  greenstones  of  the  south- 
ern Marquette  and  Negaunee  areas.  (See  Figs.  26  and  27,  pp.  166, 177.) 
Kear  the  mouth  of  Whetstone  Brook  5  in  the  neighborhood  of  Bald- 
win's Kilns,  arupl  between  Teal  Lake  and  the  Carp  Hi  ver,  we  see  the  fine- 
grained greenstones  broken  up  into  circular  or  oval  areas,  which  are 
separated  by  a  finer  schistose  matrix.  This  structure  is  common 
through  the  Northwest,  and  has  been  termed  by  the  Canadian  geolo- 
gists *«  concretionary  trap."    It  is,  however,  in  no  sense  really  concre- 
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tioiiary,bat  must  be  ascribed  either  to  contraction  whicb  frequently 
produces  a  perlitic  structure  or  spheroidal  parting  in  volcanic  rocks,  or 
to  a  mechanical  breceiation  and  rubbing  together  of  the  disjointed 
fragments,  as  was  found  by  Bothpletz  to  be  the  case  in  similar  green- 
stone schists  of  Saxony.    (See  p.  167.) 

MACROSTRUCTUBAL  MBTAMORPRISM  TUBOUOH  6TRKTCUING. 

The  effect  of  stretching  upon  rock  masses  has  only  recentiy  come  to 
engage  the  attention  of  geologists.  It  is  evident  that  in  the  process  of 
the  upheaval  or  folding  some  parts  of  the  mass  must  be  strained,  while 
other  parts  are  compressed.  As  Heim  first  pointed  out,  such  a  tension 
is  relieved  sometimes  with  and  sometimes  without  a  visible  rupture. 
Both  of  these  methods  are  well  illustrated  in  the  massive  rocks  of  the 
Menominee  and  Marquette  regions. 

In  the  first  case  we  find  the  formation  of  irregular,  ragged  seams, 
which  Heim  has  designated  as  gaping  rents  (^^  klaffeude  Eisse"),  and 
which  I  have  termed  <<  cross-gashes,"  from  their  being  torn  open  in  a 
direction  perpendicular  to  that  in  which  the  tension  was  exerted.  They 
are,  therefore,  approximately  parallel,  and  may  produce  a  rough  sort 
of  schistose  structure.  These  seams  sometimes  remain  open,  but  are 
sometimies  filled  with  secondary  crystallizations,  like  quartz,  calcite,  or 
chlorite,  often  with  epidote.  They  are  best  exhibited  in  the  great 
greenstone  ridge  which  extends  along  the  river^s  left  bank  below  Lower 
Quinnesec  Falls.  Their  appearance,  as  far  as  it  can  be  shown  in  a  hand- 
specimen,  is  represented  in  Fig.  10,  p.  81. 

The  manner  in  which  the  round  cores  of  the  spheroidally  parted 
greenstones  in  some  cases  have  been  drawn  out  into  interlacing  lenses, 
has  already  been  noted  (p.  177). 

Stretching  action  may  sometimes  produce  a  banding  in  massive  rocks. 
This  is  especially  the  case  with  acid  types,  like  granite  and  quartz  por- 
phyry. Examples  of  this  are  to  be  found  among  the  acid  dikes  near 
the  Horse  Eace  and  in  the  vicinity  of  Marquette,  but  the  most  indubi- 
table evidence  of  stretching  in  these  rocks  is  contained  in  their  micro- 
scopic structure,  and  must  therefore  be  reserved  for  description  in  the 
following  section. 

MIGBOSTBUGTUBAL  METAHOBPHISM  OF  TEE   MENOMINEE  AND  MAB* 
QGETTE  MASSIVE  BOOKS. 

Where  profound  mechanical  and  chemical  changes  have  gone  on  si- 
multaneously in  rock  masses,  the  final  product  m<ay  be  wholly  different 
from  the  original  starting  point.  Sedimentary  and  eruptive  rocks  seem 
to  approach  each  other  more  and  more  nearly,  the  longer  they  are  ex- 
posed to  the  same  metamorphosing  influenees.  In  many  cases  the  deri- 
vation of  certain  schists  can  never  be  definitely  settled ;  in  other  cases, 
however,  where  the  field  evidence  is  insufficient  to  decide,  the  micro- 
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scope  may  yield  reliable  data  for  settling  the  origin  of  doabtfal  crystal- 
line schists.  Characteristic  minerals  or  structures  may  often  be  de- 
tected under  the  microscope  after  every  CNriginal  feature  visible  to  the 
unaided  eye  has  been  obliterated. 

In  stating  the  results  of  dynamic  action  observed  with  a  microscoiH) 
in  the  Lake  Superior  rocks,  we  may  speak  first  of  the  effect  ufTon  individ- 
ual minerals,  and  then  of  new  structures  produced.  As  a  rule,  those 
minerals  and  rocks  which  are  hardest  and  most  brittle  are  found  to 
exhibit  these  mechanical  effects  most  perfectly. 

EFFECTS  OF  DYNAMIC  ACTION  ON  INDIVIDUAL  MINERALS. 

Qwarte.— We  And  corroborative  evidence  of  the  fact  stated  by  others 
that  quartz  is  frequently  more  sensitive  to  pressure  than  feldspar.  In 
the  quartz  porphyry,  No.  11707,  for  instance  (see  PI.  XV,  fig.  2), 
which  has  undergone  a  violent  stretching,  the  feldspar  crystals  appar- 
ently exhibit  no  resultant  phenomena,  if  we  except  the  presence  in  their 
eenter  of  microcline  as  a  possible  product  of  strain ;  the  quartz  crystals, 
on  the  other  hand,  show  an  unusual  amount  of  deformation.  In  some 
cases  tbey  are  pinched  out  into  pear  or  spindle  shaped  areas  with  an 
undnlatory  extinction;  while  in  other  cases  they  are  much  more 
elongated,  but  show  that  this  result  has  not  been  reached  without  a 
crushing  and  displacement  of  their  original  substance  (granulation). 
The  fragments  are  converted  into  a  mosaic  of  interlocking  grains  by  the 
readiness  with  which  silica  isr  dissolved  and  deposited.  Quartz  that  is 
more  or  less  optically  disturbed  is  almost  universal  in  the  acid  rocks 
examined,  showing  that  hardly  any  of  them  have  been  entirely  free  from 
mechanical  strains.  That  the  quartz  grains  in  the  granite  ^o.  11104 
are  not  all  original  is  proved  by  the  little  tourmaline  crystal,  which  is 
fractured  and  fiEmlted  at  the  junction  of  two  of  them,  as  depicted  in  Fig. 
13,  p.  112. 

Feldspar. — ^The  first  effect  of  strain  on  feldspar  is  to  produce  an  un- 
dnlatory extinction.  This  cannot,  however,  be  carried  as  far  as  it  is  in 
quartz,  because  the  tension  is  here  able  to  relieve  itself  by  molecular 
movements  and  the  consequent  formation  of  twinning  lamellae.  Sev- 
eral cases  were  encountered  where  the  gridiron  or  microcline  structure 
appears  to  have  been  secondarily  developed  in  a  potash  feldspar  by 
this  means,  as  in  the  granites  Kos.  11104  and  11710  and  in  the  schist- 
ose quartz  porphyry  ^o.  11707.  Such  a  production  of  secondary  or 
strain  lamellsB  in  the  triclinic  feldspars  is  by  no  means  unusual. 

Where  the  mechanical  action  is  too  intense  to  produce  mere  optical 
disturbance  or  molecular  gliding  without  rupture,  the  force  of  cohe- 
sion is  entirely  overcome  and  the  feldspar  is  fissured  or  crushed.  In 
case  the  force  is  exerted  as  a  tension,  the  fragments  thus  formed  are 
separated,  and  the  spaces  between  them  are  filled  with  secondary  crys- 
tallizations, especially  chlorite.  In  other  cases  the  fragments  are  merely 
Cftulted  against  one  another.  Such  examples  of  stretched  and  faulted 
feldspar  are  very  abundant  in  the  schistose  greenstones  and  ^^^^^ 
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of  the  Menomiuee  and  Marquette  di8trict8.  It  is  generally  possible  to 
recognize  what  fragments  once  belonged  together,  as  may  be  seen  by 
an  inspection  of  PL  IX,  fig.  2,  PL  XI,  fig.  2,  PL  XIV,  figs.  1  and  2,  and 
Fig.  II  on  p.  105.  Even  in  very  schistose  rocks,  which  are  in  other  re- 
spects chemically  much  altered,  these  broken  feldspars  are,  as  a  rnle, 
rmexpeotedly  fresh ;  a  fact  which  will  receive  particular  attention  in  the 
succeeding  section. 

If  the  mechanical  force  is  still  greater,  a  pulvenzing  or  granulation  of 
the  feldspar  ensues.  This  is  always  accompanied  by  chemical  action^ 
consisting  of  more  or  less  complete  solution  and  recrystallization.  In 
this  way  the  substance  is  molded  into  new  forms,  which  accord  better 
with  the  existing  strains. 

Such  a  partial  granulation  of  a  large  porphyri tic  feldspar  crystal,  pro- 
ducing one  of  the  lenticular  <^  Augen  "  of  the  metamorphic  gneisses  of 
the  Horse  Bace,  is  shown  in  PL  XV,  fig.  1. 

In  the  process  of  feldspar  granulation  the  calcium  is  frequently  re- 
mdved,  and  the  secondary  mosaic  is  largely  composed  of  albite,  as  was 
first  shown  by  Lessen. 

Pyroxene. — ^Diallage  is  very  subject  to  mechanical  deformation.  On 
account  of  its  relative  softness  and  flexibility  this  consists  mostly  of  the 
bending  or  twisting  of  the  crystals,  or  in  the  occasional  produption  of 
twinning  lamellae.  These  phenomena  may  be  well  seen  in  the  almost 
colorless  diallage  of  the  Sturgeon  Falls  gabbro.  Pyroxene  exists  in  no 
other  of  the  rocks  examined  except  in  tltose  which  are  too  young  to 
show  any  effects  whatever  of  dynamic  action. 

Hornblende.^CertsLinly  in  a  large  majority  and  possibly  in  all  the 
rocks  which  I  have  studied  from  northern  Michigan,  hornblende  is  a 
secondary  product ;  since,  then,  it  is  a  result  of  metamorphism,  it  is  not 
strange  that  we  rarely  see  in  it  the  effects  of  that  mechanical  action 
which  caused  the  metamorphism. 

Mica. — On  account  of  its  flexibility  mica,  like  diallage,  would  be  well 
fitted  to  exhibit  mechanical  phenomena ;  but  the  fact  that,  like  the 
hornblende,  it  is  mostly  a  secondary  mineral  in  those  rocks  to  which 
we  have  here  devoted  our  attention,  prevents  such  deformations  from 
being  common. 

Zircon^  Tourmaline^  etc. — These  minute  products  of  the  first  crystalli- 
zation in  the  rock  are  often  found  to  be  broken  or  faulted  by  mechani- 
cal action,  as  is  shown  in  Fig,  13,  p.  112,  and  Fig.  18,  p.  122. 

Ilmeniie. — The  iron  minerals,  on  account  of  their  opacity,  of  course 
can  exhibit  no  optical  disturbance,  but  their  grains  are  frequently  torn 
apart  just  like  the  feldspar  crystals.  This  has  been  described  in  num- 
erous instances,  and  it  is  represented  in  PL  XI,  fig.  2. 

NEW  STRUCTURES  PRODUCED  BT  DYNAMIC  ACTION. 

Whenever  the  crushing  of  rocks  by  dynamic  agencies  is  accompanied, 
as  it  almost  always  is,  by  chemical  action  and  the  production  of  new 
minerals,  these  must  arrange  themselves  in  accordance  with  the  exist- 
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ing  straius.  These  secondary  iniuerals  are  sach  as  themselves  possess 
a  very  perfect  cleavage;  their  production,  therefore,  under  circumstances 
of  uniform  and  continued  strain,  will  naturally  impart  a  foliation  to 
the  originally  massive  rock.  Nor  is  this  all.  The  relief  of  the  strain 
and  the  consequent  crushiqg  of  the  rock  will  take  place  along  certain 
planes  much  more  completely  than  along  others;  hence  in  these  planes 
the  secondary  minerals  will  be  more  abundant,  and  a  banding  of  a  once 
homogeneous  rock  may  result. 

The  final  structures  produced  in  this  manner  depend  not  altogether 
upon  the  force  exerted,  but  also  upon  the  primary  structure  of  the  rock. 

The  rubbing  together  of  individual  crystal  grains,  the  adhesion  be- 
tween which  is  weaker  than  their  own  internal  cohesion,  may  produce 
a  pulverizing  only  around  the  edge,  when  the  force  is  not  too  intense. 
This  phenomenon,  to  which  Professor  Kjerulf  has  applied  the  term 
"peripheral  granulation'^  (randliche  Kataklase),'  may  bring  about  a 
sort  of  pseudo-porphyritic  structure,  in  which,  however  the  porphyritic 
crystals  are  only  the  larger  remnanta  of  the  former  grains  without  a 
crystal  form  of  their  own ;  or,  if  the  crushing  has  been  less,  the  grains 
may  appear  to  be  held  together  by  a  fine  granular  cement,  like  the 
8toues  of  a  wall  by  their  mortar.  Hence  Professor  Tornebohm  has 
spoken  of  this  as  the  **  mortar  structure"  (Mortel  Structur).^  Many 
admirable  examples  of  these  structures  are  to  be  seen  in  the  Menominee 
and  Marquette  rocks,  especially  in  those  of  an  acid  character.  There 
may  be  particularly  mentioned  the  granite  from  the  great  area  south 
of  the  Menominee,  So.  11104  5  Kos.  11189  and  11100  from  acid  dikes  at 
the  Horse  Race;  Nos.  11678  and  11710  from  the  Brook  Section,  near 
Marquette.  In  the  first  instance,  a  distinct  micropegmatitic  structure 
is  a  noticeable  future  of  the  granular  cement. 

If  the  original  structure  of  the  rock  was  porphyritic  instead  of 
granitic,  we  find  corresponding  differences  in  the  result.  The  ground- 
mass  is  made  schistose  by  the  development  out  of  its  feldspar  of  sericite 
or  chlorite.  The  porphyritic  crystals  are  more  or  less  granulated,  but 
the  secondary  mosaic  thus  formed  is  often  coarser  in  grain  than  the 
groundmass.  This  is  arranged  around  the  remnant  of  the  original 
crystal  in  a  lenticular  area  known  as  the  "  eye,''  or  "  Auge,"  in  rocks 
called  by  the  Germans,  on  account  of  this  structure,  Augengneiss.  (See 
PI.  XV,  fig.  1.)  Unusually  beautiful  examples  of  this  kind  are  to  be 
found  among  the  acid  dikes  along  the  shores  of  the  Horse  Eace — 
especially  specimens  numbered  11184  and  11196.  In  some  of  the 
Bchists  which  have  been  derived  firom  the  Sturgeon  Falls  gabbros  a  sim- 
ilar structure  is  present. 

Where  secondary  micaceous  minerals  have  been  developed  in  sinuous 
bands  which  interlace  and  twine  about  abundant  oval  cores,  a  lenticu- 


^GnindQeldsprofllet  red  Jdjesens  sydende.  Njt  Mag.  for  l^aturvidenskaberne,  vol.  29,  p.  216, 188& 
(Keiies  Jahrbach  fiir  Mineral.,  1886.  vol.  2,  Referate,  p.  244.) 

*K&gn  ord  om  granit  och  gneis.  Oeol.  Fdren.  Stockholm  Forhandl,  toL  5,  pp.  233-248.  (Nenea, 
JakrbiiQ)inrMinena.,1881,yol.2,  Rererate,p.50.) 
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lar  stractare  is  prodaced,  in  which  there  is  no  contrast  between  ground - 
mass  and  porphyritic  crystals.  This  is  called  by  the  Germans  "  Fiaser  '^ 
structare,  a  term  which  may  advanta£:eously  be  transferred  to  the  Eng- 
lish. It  is  often  the  case  that  a  structure  of  this  kind  is  so  fine  as  to  be 
visible  only  under  the  microscope,  when  the  designation  "  microflaser 
structure"  is  applicable.  Examples  of  this  lenticular  interlacing  are 
abundant  in  the  schistose  greenstones  of  northern  Michigan.  It  is  es- 
pecially typical  in  the  Sturgeon  Falls  schists,  and  in  those  at  Lower 
Quinnesec  Falls ;  it  may  also  be  well  seen  in  the  granite  at  the  mouth 
of  the  Dead  I^iver,  north  of  Marquette. 

In  rocks  that  have  been  subjected  to  a  great  tension,  a  peculiar  micro- 
scopical structure  has  been  developed,  caused  by  the  rupture  of  the 
original  crystals  and  a  pulling  apart  of  their  fragments.  Between  these 
chlorite  is  formed,  the  scales  of  which  are  parallel  to  one  another  and 
to  the  direction  of  the  stretching.  This  chlorite  appears  to  have  re- 
sulted from  the  recrystallization  of  the  substance  of  the  original  bisili- 
cates,  since  no  trace  of  these  now  remains,  although  the  broken  feldspar 
is  always  remarkably  fresh.  There  must  be  something  in  the  dynamic 
action  of  an  intense  tension  particularly  conducive  to  the  formation  of 
this  chlorite,  for  exactly  this  modification  of  this  mineral  was  not  en- 
countered in  rocks  produced  in  any  other  way.  Its  presence,  of  course, 
brings  out  a  decided  schistose  structure.  Excellent  examples  of  this 
phase  of  structural  metamorphism  abound  in  the  Menominee  and  Mar- 
quette greenstones,  although  I  do  not  know  that  anything  exactly  like 
it  (particularly  when  taken  in  connection  with  the  remarkable  freedom 
of  the  broken  feldspar  from  all  signs  of  chemical  change)  has  ever  been 
described  before.  It  is  illustrated  in  PI.  XI,  fig.  2.  The  widely  dif- 
ferent results  produced  in  the  same  greenstone  by  chemical  action  alone 
on  the  one  hand,  and  by  this  agency  combined  with  stretching  on  the 
other,  are  shown  in  PI.  IX,  figs.  1  ahd  2.  The  same  thing  is  admi- 
rably seen  in  two  specimens  (Noa.  11651  and  11652)  from  the  Cleveland 
ore  dock  in  Marquette.    (See  p.  168.) 

If  we  could  desire  any  more  certain  proof  that  these  "  stretching 
structures'^  are  of  secondary  origin,  developed  in  an  already  solid  rock, 
we  should  find  it  in  Uo.  11803  (PI.  XIV,  fig.  2).  Here  the  porphyritic 
feldspar  crystals  lie  in  the  groundmass  at  every  conceivable  angle,  show- 
ing that  at  the  time  they  were  formed  there  was  no  force  to  affect  their 
orientation.  Their  breaking  and  tearing  asunder,  however,  in  every 
case,  has  taken  place  in  the  direction  of  the  foliation  or  stretching, 
without  the  least  reference  to  the  i>osition  of  the  feldspar  crystal  itself. 

MINEBALOaiCAL    (CHEMICAL)    METAMORPHISM   OF    THE    MENOMINEE 
AND  MABQUETTB  ROCKS. 

Chemical  alteration  may  go  on  to  almost  any  extent  in  massive  rocks, 
unattended  by  any  mechanical  deformation ;  and  yet  certain  chemical 
changes  in  rock-forming  minerals  seem  to  be  dependent  upon  the  phys- 
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ical  conditions  produced  by  great  orographic  strains.  It  is  civsy  to 
understand  bow  the  crashing  of  a  rock  should^  as  a  rule,  accelerate 
chemical  activity  by  increasing  the  circulation  and  possibly  by  raising 
the  temi)eratare  by  friction ;  but  more  than  this,  we  find  that  of  several 
different  alterations  to  which  a  given  mineral  is  subject,  certain  ones 
are  never  found  except  in  those  regions  where  dynamic  action  has  been 
intense. 

It  is  true  that  the  same  secondary  mineral  may  be  produced  in  differ, 
ent  ways.  It  may  result  from  the  same  original  mineral  under  different  * 
coaditicms,  or  from  different  minerals  under  the  same  conditions,  or  from 
different  minerals  under  different  conditions.  It  may  also  sometimes 
be  derived  from  a  single  substance,  and  sometimes  from  a  reaction  be- 
tween two  or  more  substances.  On  account  of  the  small  number  of 
elements  which  enter  into  the  composition  of  rock-forming  minerals, 
their  physical  differences  are  due  mostly  to  the  different  proportions  in 
which  these  dements  are  combined.  Very  slight  variation  in  condi- 
tions niay  modify  these  proportions  and  so  produce  one  mineral  or 
another.  Even  in  exactly  the  same  chemical  compound,  what  may  be 
a  stable  state  under  one  set  of  conditions,  may  be  an  unstable  state 
under  another  set.  So  delicate  is  this  adjustment  that  the  secondary 
minerals  produced  in  a  given  case  depend  not  merely  upon  the  chem- 
ical conix>osition  of  the  original  rock  or  of  its  constituents,  but  even  to 
a  greater  degree  upon  the  physical  conditions  obtaining  at  the  time  of 
their  formation.  Thus  with  every  change  of  these,  one  generation  of 
secondary  minerals  may  give  place  to  another. 

Such  a  succession  of  alterations,  each  dependent  upon  its  own  set  of 
conditions,  tends  to  obscure  the  life  history  of  a  rock  mass ;  and  yet,  in 
spite  of  its  complexity,  this  study  is  full  of  promise.  It  is  generally 
possible  to  separate  the  products  of  metamorphism  proper  from  those 
of  weathering,  as  described  in  Chapter  I  (see  p.  3G).  All  the  massive 
rocks  of  the  Menominee  and  Marquette  regions  offer  admirable  op- 
portanity  for  the  study  of  the  first  of  these  alterations,  while  the  more 
bas^c  types  often  present  the  subsequent  effects  of  weathering. 

In  reviewing  and  summing  up  the  results  of  chemical  alteration 
already  described  at  length,  it  will  be  advantageous  first  to  enumerate 
the  minerals  of  secondary  origin,  stating  briefly  the  circumstances  un- 
der which  each  was  probably  formed,  and  second  to  trace  out  the  differ- 
ent phases  of  alteration  to  which  each  of  the  more  important  original 
constitaents  has  been  subjected. 

BBCONDARY  MINERALS  AND  TUBIR  ORIGIN. 
PBODUCTB  OF  MKTAM0RFHI6M. 

Feldspar. — This  mineral  is  not  common  as  a  secondary  product  ex- 
cept in  the  form  of  albite,  which  as  Lessen  has  shown  (see  Chap.  I.  p.  60) 
is  a  very  characteristic  result  of  dynamic  metamorphism.  In  the 
Sturgeon  Falls  gabbro  albite  is  a  common  secondary  mineral,  both  as 
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the  base  of  8aas8urite  aud  in  the^form  of  clear,  transparent  veins.  Here 
tb&twiunin^  structure  is  not  frequent,  but  it  may  be  seen  in  some  of  the 
veins,  as  is  shown  in  Fig.  4,  p.  (>9.  Albite  in  the  form  of  a  fine  gran- 
ular mosaic,  with  or  without  quartz  also  occurs  in  many  of  the  altered 
diabases.  Its  substance  is  so  clear  and  glassy  as  to  leave  no  doubt 
about  its  being  a  secondary  product. 

Microeline  as  a  secondary  mineral  is  to  be  referred  rather  to  the  effect 
of  pressure  twinning  than  to  chemical  alteration. 

Saussurite  (Chapter  I,  p.  58)  is  not  a  simple  mineral,  but  a  mixture 
derived  from  the  alteration  of  the  lime-soda  feldspars.  It  is  abundant 
in  the  more  basic  rocks  of  the  Menominee  aud  Marquette  regions — in 
the  gabbros  of  Sturgeon  Falls  and  in  many  diabases  aud  diorites.  The 
base  is  a  clear,  soda  feldspar  (albite)  which  contains  zoisite  needles,  or 
more  rarely  epidote  and  colorless  garnet.    (No.  11189,  p.  108.) 

Zoisite  occurs  ouly  as  one  of  the  constituents  of  saussurite  above 
described.  It  is  in  the  form  of  minute  needles,  without  terminations, 
as  shown  in  Figs.  5  and  6  (pp.  GO,  70).  These  differ  much  in  size,  and 
between  crossed  nicols  display  dull  bluish  interference  colors.  When 
the  zoisite  needles  are  very  small  the  saussurite  is  a  gray  opaque  mass, 
which  only  the  highest  power  of  the  microscop.e  is  able  to  resolve. 

Oarnet  was  observed  only  once,  in  minute  colorless  crystals,  forming, 
along  with  epidote,  one  of  the  constitutents  of  the  saussurite  in  speci. 
men  No.  11189.  (see  p.  108). 

Quartz  is  a  widespread  secondary  mineral.  It  often  originates  from 
the  breaking  up  of  the  more  acid  feldspars,  like  orthoclase.  It  may  also 
originate  from  the  lime-soda  feldspars.  Primary  and  secondary  quartz 
sometimes  present  an  identical  appearance.  In  some  of  the  Lake  Su- 
perior diabases  quartz  seems  to  be  an  original  component,  9^nd  in  others 
of  the  more  altered  ones  it  is  certainly  of  secondary  origin.  In  a  few 
intermediate  cases  its  origin  must  always  remain  doubtful.  Owing  to 
the  ease  with  which  silica  is  transported  in  solution,  that  which  is  set 
free  by  the  decomposition  of  the  silicates  is  often  entirely  removed  from 
the  rock  or  is  deposited  in  seams.  In  at  least  one  instance  a  brown 
isotropic  substance  resembling  opal  was  observed  (the  gabbro  from 
Eureka  Shaft  near  Marquette  p.  170). 

Hornblende, — Although  there  is  reason  for  considering  the  hornblende 
in  some  of  the  Menominee  and  Marquette  greenstones  as  a  primary 
constituent,  still  there  can  be  no  doubt  that  this  mineral  is  also  the  most 
important  secondary  component  of  these  rocks.  In  a  fibrous  form  as 
uralite,  amianth,  etc.,  hornblende  is  almost  the  sole  representative  of 
the  former  pyroxene  in  the  more  altered  and  schistose  diabases,  and  the 
same  mineral  seems  also  to  be  the  final  metamorphic  product  of  the 
compact  hornblende  in  the  diorites.  Indeed,  the  schistose'  structure 
of  these  rocks  is  largely  due  to  the  production  of  fibrous  hornblende  and 
lamellar  minerals  of  the  mica  type,  and  to  their  arrangement  parallel 
to  a  single  plane.    The  components  of  the  secondary  fibrous  hornblende 
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are  mainly  derived  from  some  bisijicate,  like  pyroxene  or  compact 
hornblende,  but  its  position  is  by  no  means  confined  to  the  area  formerly 
occupied  by  these  substances.  On  the  contrary,  the  material  shows  a 
tendency  to  wander,  and  to  develop  amphibole  needles  along,  the  cleav- 
age cracks  of  the  feldspar,  as  seen  in  Plate  XII,  fig,  2,  This  may  even 
become  filled  with  the  hornblende,  as  in  the  epidiorite,  No.  11663,  from 
Pine  street,  Marquette,  and  the  whole  rock  be  finally  reduced  to  a  fine, 
felt-like  mass,  -as  shown  in  Plate  IX,  fig.  1. 

Compact  hornblende  also,  both  brown  and  green,  appears  to  have  re- 
salted  extensively  in  the  greenstones  from  the  direct  alteration  or 
molecular  rearrangement  of  pyroxene.  ISuch  a  change  has  often  been 
recorded,  as  stated  in  Chap.  I.  Indeed,  the  probability  that  much  of 
the  pyroxene  of  the  original  rocks  has  passed  into  fibrous  green  horn- 
blende through  an  int^mediate  stage  of  compact  hornblende  has  already 
been  alluded  to  (p.  72).  The  brown  or  basaltic  variety  is  to  be  found 
associated  with  tlie  diallage  of  the  Sturgeon  Falls  gabbro,  as  shown  in 
PL  VIII,  figs.  1  and  2 ;  also  in  the  porphyritic  rock  from  the  western 
end  of  the  **  gabbro  ridge,"  near  Little  Quinnesec  Falls,  on  the  Meno- 
minee. The  compact  green  hornblende  of  Nos.  11176  and  11178,  from 
the  Four-Foot  Pall,  and  of  many  of  the  Horse  Race  diorites,  has  pre- 
cisely the  form  of  diabasic  augite ;  and  in  spite  of  its  compact  structure 
shows  ia  its  pale  color  and  darker  green  border  clear  evidence  of  its 
secondary  origin.^  The  pale  compact  hornblende  of  the  barrier  rock 
at  Upper  Quinnesec  Falls  (No.  11054)  looks  exactly  like  diallage,^  and 
under  the  microscope  its  most  exceptional  orthopiqacoidal  parting 
bears  testimony  to  its  derivation  from  this  mineral.    (See  p.  103.) 

The  manner  in  which  the  compact  hornblende  ravels  out  and  becomes 
fibrous  is  often  clearly  seen  in  the  Lake  Superior  greenstones,  and  is 
shown  ia  PI.  XII,  fig.  1,  and  in  Fig.  19  on  p.  126. 

Epidote  is  a  common  metamorphic  mineral,  and  appears  almost  al- 
ways in  small  but  well  formed  yellowish  crystals.  It  sometimes  forms 
one  of  the  constituents  of  saussurite,  but  far  less  frequently  than  zoisite, 
as  more  iron  is  necessary  for  its  genesis.  In  one  case,  No.  11091,  the 
feldspar  of  a  coarsely  granular  rock  from  the  Horse  Itace,  seems  wholly 
changed  to  large  individuals  of  epidote,  while  the  pyroxene  has  given 
place  to  corresponding  areas  of  a  rather  compact  greenish  hornblende  (p. 
108).  In  No.  11712,  from  the  Brook  Section,  near  Marquette,  the  change 
of  the  feldspar  to  epidote  is  less  complete.  Epidote  more  commonly 
results  from  the  alteration  (perhaps  weathering)  of  some  ferrous  bisili- 
cate.  Here  it  is  generally  in  association  with  bright  green  chlorite  in 
the  form  of  the  characteristic  aggregate  described  in  Chap.  I  (p.  56). 
This  is  very  common  in  many  of  the  more  altered  greenstones  of  the 
regions  studied.    (See  PI.  XI,  fig  1.) 

»See  PI.  Xn,  fig.  2;  ami  cf.   Losaen :  Erlaut.  zur.  geoJ.  Specialkarto  von  Preusaen,  Blatt  TTarz- 
gtrode,  !882,  p.  81 ;  and  WiUianis'  Bull.  U.  S.  Geol.  Survey,  No.  28,  PI.  I.  fig.  2  j  PI.  II,  fig.  1,1886. 
*et  H.  GTedner:  Nexies  Jabrbuch  fur  Mineral.,  1870,  p.  073. 
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Biotite  originates  under  certain  circumstances  from  horn]t>lende.  This 
18  an  alteration  well  known  to  mineralogists,^  and  may  be  admirably 
seen  in  several  of  the  Horse  Race  diorites  and  in  the  curious  amphi- 
bole  granite,  i^o.  11831,  figured  in  PI.  XVI,  fig.  2. 

Muscovite^  Sericite. — The  potash  micas  hold  a  similar  place  in  relation 
to  orthoclase,  as  a  product  of  dynamic  metamorphism,  that  saussurite 
does  to  the  lime-soda  feldspars.  In  some  specimens,  as  for  instance  in 
the  granite  No.  11089  from  the  Horse  Race  and  in  No.  11660  from  the 
so-called  gold  mine  near  Pine  street,  Marquette,  broad  plates  of  typical 
muscoviteare  developed  in  the  feldspar;  generally,  however,  the  alter- 
ation is  due  to  the  minute  scales  or  curved  foliie  called  sericite.  These 
two  minerals  are  quite  identical  in  composition  and  generally  in  origin, 
as  has  been  explained  in  Ghap.  I.  The  development  of  sericite  may  be 
best  studied  in  the  schistose  porphyries,  which  owe  their  cleavage  to 
stretching.  These  are  abundant  in  both  the  regions  investigated, 
especially  at  Upper  Quinnesec  Falls  (see  Chap.  HI,  and  PI.  XIV,  fig. 
1)  and  near  the  city  of  Marquette  (Chap.  IV).  While  the  production 
of  sericite  in  the  acid  rocks  is  for  the  most  part  the  result  of  intense 
dynamic  action,  it  would  seem  as  though  it  were  especially  liable  to  re- 
sult, like  certain  varieties  of  chlorite  (see  below),  when  this  force.acted 
as  a  tension  rather  than  as  a  compression. 

Titamum  mhwrals. --The  metamorphosed  eruptive  JOcks  of  the  re- 
gions studied  offer  unusual  opportunities  for  tracing  the  varied  trans- 
formations of  the  titanium  compounds.  It  is  doubtful  whether  this 
element  existed  jn  the  original  rocks  in  any  other  form  than  titanic  iron 
(ilmenite)  or  as  a  component  of  certain  biotites.  In  the  metamorphic 
rocks,  however,  titanium  minerals  are  numerous  and  their  origin  can 
be  traced  to  different  sources.  The  probable  derivation  .of  rutile  and 
magnetite  from  ilmenite  may  be  seen  in  No.  11070,  from  Up])er  Quin- 
nesec Falls  (PI  XIII,  fig.  2),  and  also  in  No.  11825,  from  northwest  of 
Marquette  (p.  184).  The  little  "  Thonschiefernadeln,''  shown  in  Fig.  12 
(p.  106),  seem  also  to  have  been  derived  from  ilmenites.  A  sagenitic 
network  of  rutile  produced  by  the  alteration  of  biotite  and  the  conse- 
quent freeing  of  titanic  oxide  is  seen  in  No.  11113, from  Iron  Mountain; 
in  No.- 11672  from  Marquette;  and  in  No.  11738,  from  near  Bald win^s 
Kilns,  Negaunee. 

Anatase,  along  with  leucoxene,  has  resulted  from  the  alteration  of 
ilmenite  in  No.  11130,  from  Twin  Falls  (Fig.  26,  p.  166)  and  in  No. 
11802,  north  of  Negaunee,  near  the  Carp  Kiver.  Anatase  seems  also 
to  have  resulted  from  the  decompositon  of  titaniferous  biotite  in  Nos. 
11050  and  11052,  fronunear  Upper  Quinnesec  Palls. 

Sphene  in  the  form  of  leucoxene  is  a  universal  result  of  the  alteration 
of  ilmenite  in  the  metamorphosed  diabases.  In  rare  cases,  like  No. 
11014,  from  Lower  Quinnesec  Falls,  it  is  intimately  associated  with 

>See  J.  Rotfa:  AUgemelue  un(lchonii8ch«)  Geologie,  vol.  1,  p.  333,  1879,  and  loostranseff:  Metamor* 
phosirte  Gesteine  im  Gouvennnent  Olonez,  1879,  p.  192. 
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ratile,  which  may  hav^  been  produced  simultaneonsly  with  the  £|ltera- 
tion  of  the  leacoxene,  or  have  resulted  from  it.  In  other  exceptional 
cases  the  product  of  the  ilmenite  appears  with  all  the  crystal  form  and 
physical  properties  of  rock-forming  sphene.  Such  an  occurrence  in  Ko. 
11189  from  the  Horse  Bace  is  shown  in  PL  XIII,  fig.  1 ;  and  another 
io  No.  11831,  from  northwest  of  Marquette,  in  PL  XVI,  fig.  2. 

The  secondary  minerals  thus  far  enumerated  are  products  of  meta- 
morphism  proper,  as  distinguished  from  weathering;  that  is,  they  are 
.highly  crystaUine,  and  have  been  produced  under  circumstances  very 
different  from  those  ordinarily  prevailing  at  the  earth's  surface.  Here 
the  tendency  is  for  the  more  crystalline  and  less  soluble  compounds  to 
become  more  soluble  through  union  with  water  and  carbon  dioxide. 
Hydration  and  carbonatization  are  therefore  characteristic  results  of 
soriace  action  upon  rocks.  They  bring  about  their  disintegration  and 
decay,  as  purely  metamorphic  processes  do  not.  Both  metamorphism 
and  weathering  are  very  apparent  in  the  eruptive  masses  of  the  Me- 
nominee and  Marquette  regions.  The  rocks  of  Keweenaw  Point,  on 
the  other  hand,  show  only  the  effects  of  weathering.  In  spite  of  their 
great  antiquity  they  have  not  undergone  metamorphism  in  the  stdct 
sense.  Much  younger  rocks  in  disturbed  areas  are  often  found  to  be 
intensely  metamorphosed,  which  clearly  shows  that  something  besides 
mere  lapse  of  time  is  necessary  to  accomplish  this  change.^ 

PB0DUCT8  OF  WEATHEBI50. 

The  secondary  minerals  in  the  Menominee  and  Marquette  massive 
rocks  which  owe  their  existence  to  atmospheric  action  or  weathering 
belong  mainly  to  the  following  species :  Chlorite,  talc,  serpentine,  car- 
bonates (calcite,  dolomite,  etc.),  jron-hydroxide,  and  pyrite. 

Chlorite  is  generally  a  product  of  weathering,  but  its  origin  is  some- 
times closely  associated  with  dynamic  agencies.  For  instance,  it  is  a 
constant  feature  in  the  basic  rocks  which  have  been  stretched  (like  se- 
ricite  in  the  more  acid  ones),  filling  with  its  parallel  folia  the  interstices 
between  the  broken  and  separated  fragments,  and  thus  imparting  a 
degree  of  schistosity  to  the  entire  mass,  (see  Pi.  XI,  fig.  2.)  The 
ordinary  process  of  chloritization  has  been  described  in  Chapter  I,  and 
frequently  alluded  to  in  the  petrographical  descriptions,  since  it  is  ex- 
tremely common  in  the  basic  emptives.  If  the  original  mineral  was  very 
poor  in  iron  an  almost  colorless  chlorite  was  the  result,  as  in  the  Stur- 
geon Falls  gabbro  (PL  VIII,  fig.  2).  In  the  highly  ferruginous  dia- 
bases, on  the  other  hand,  the  chlorite  has  a  deep  green  color  and  is 
often  pleochroic.    This  is  the  *<  viridite  "  of  the  older  authors,  which  is 

>  The  efficiency  of  orograpbio  moreraonts  to  bring  about  this  result  has  already  been  sufficiently 
anpbasixed.  Tbe  observations  of  Lossen  that  similar  changes  may  be  produced  by  the  contact  action 
of  Urge  maMes  of  intrusive  granite  have  been  briefly  referred  to  in  Chapter  I.  To  what  extent  the 
eaomous  granite  areas  lying  on  both  sides  of  the  Marquette  and  Menominee  greenstone  belts  may 
k*Te  been  instrumental  in  effiscting  their  mineralogical  metamorphism  must  for  tbe  present  be  left 
undecided,  inasmuch  as  no  evidence  directly  bearing  upon  this  question  has  as  yet  been  collected. 
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freqaently  associated  with  sharply  defiued  epidote  (secondary  augite  of 
Wichmann),  as  figured  in  Pi.  XI,  fig.  1.  Chlorite  seems  to  be  the 
common  effect  of  weathering  upon  pyroxene,  hornblende,  and-  biotite. 

The  peculiar  variety  of  chlorite  known  as  "  helminth''  iu  vermiform 
a-ggregates  occurs  imbedded  in  secondary  quartz  in  some  of  the  Stur- 
geon Falls  gabbros,  and  is  represented  in  Fig.  8  on  p.  71. 

Talc  results  in  some  cases  from  the  alteration  of  hornblende,  as  ob- 
served by  Tschermak,^  Inostranzcff,*  Becke,^  and  the  writer.*  This  is 
not  a  common  phenomenon  in  the  Michigan  greenstones,  but  some  ad-, 
mirable  examples  were  observed  in  the  coarse  grained  diorites  of  the 
Horse  Bace  above  Upper  Quinnesec  Falls. 

Serpentine. — The  scarcity  of  olivine  in  the  rocks  examined  makes  the 
ordinary  derivation  of  serpentine  uncommon.  This/however,  does  oc- 
cur  in  some  of  the  least  altered  diabases  of  Marquette.  Indeed,  ser- 
pentinization  is  almost  the  only  effect  of  weathering  noticeable  in  some 
^)ecimens  from  the  great  dike  of  Lighthouse  Point  (olivine  diabase), 
certain  weakly  polarizing  fibers  resulting  from  the  change  of  hornblende 
appear  to  be  serpentine,  which,  according  to  Rosenbusch,'  frequently 
gives  rise  to  this  mineral.  An  instance  of  this  may  be  seen  in  Nos. 
11078  and  11191  from,  the  Horse  Race  (p.  109). 

Carbonates. — These  most  frequent  products  of  weathering  abound  in 
the  most  altered  greenstones,  but  they  are  nevertheless  not  unfrequently 
absent  on  account  of  the  readiness  with  which  these  compounds  are 
removed  in  solution.  Galcite  and  dolomite  are  not  microscopically  dis- 
tinguishable without  a  chemical  reaction,  but  this  is  hardly  necessary 
for  most  cases. 

Iron-hydroxide  and  Pyrite  are  both  iron  compounds  universally  pro- 
duced in  "basic  rocks  under  ordinary  atmospheric  influences.  The  Mich- 
igan greenstones  present  no  exception  in  the  amount  of  these  minerals 
which  they  contain. 

PR0GRB8S  OF  ALTERATION  IN  THB  ORIGINAL  MINERALS. 

Feldspar  gives  alteration  products  depending  very  largely  upon  its 
original  composition,  whether  alkaline  or  calciferous.  By  far  the  most 
common  change  in  the  more  basic  rocks  is  to  saussurite.  This  varies  in 
different  cases  from  a  comparatively  coarse  grained  zoisite  aggregate  to 
a  dull  gray,  almost  opaque  mass  which,  even  in  the  thinnest  sections, 
is  beyond  the  highest  power  of  the  microscope  completely  to  resolve. 
The  saussuritization  may  be  often  seen  to  have  proceeded  from  the 
periphery  of  the  feldspar  crystal  inward.  In  such  cases  a  compara- 
tively unaltered  center  remains,  as  in  No.  11168  from  Sturgeon  Falls 
(PI.  VIII,  fig.  2).    Quite  as  frequent  is  the  occurrence  of  a  clear  per- 

1  TBohermak's  mineral,  n.  petrog.  Mittheil.,  vol.  4,  p.  66,  1876. 
'MeUmorphoairte  Gesteine  im  Gouvernment  Olonez,  Leipzig,  1879,  p.  167. 
'Tsohermak's  mineral,  n.  potrog.  Mittheil.,  vol.  4,  1882,  pp.  839  and  349. 
♦BuU.  U.  S.  Geol.  Survey,  No.  28,  p.  58,  1886. 


•Mikroi.  FhjBiog.,  2d  ed.,  vol.  2,  p.  108. 
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iphery  aronnd  feldspar  crystals  which  have  been  completely  saussuri- 
tized.  (See  No.  11167  from  Sturgeon  Falls  (PI.  VIII,  fig.  1);  No. 
11054  from  CTpper  Quinnesec  Falls,  and  No.  11182  from  the  Horse  Kace.) 
The  clear  feldspar  substance  in  such  cases  appears  like  a  new  crystalli- 
zatiou  rather  than  an  unaltered  survival  of  the  original  individual  (cf. 
Fig.  4,  p.  69). 

The  inverse  ratio  existing  between  the  mechanical  and  the  chemical 
action  visible  in  the  altered  feldspars  of  the  basic  rocks  has  been  often 
alluded  to  on  pp.  88,  169.  This  seems  to  be  the  reverse  of  what  might 
be  expected,  as  well  as  of  what  is  actually  observed  in  the  case  of  all 
the  other  constituents.  It  is,  however,  frequently  the  fact  that,  in  a. 
continuous  rock  mass,  feldspar  is  most  completely  saussuritized  which 
occurs  in  the  least  crushed  portion,  while  the  rock  which  is  most  broken, 
stretched,  anjtl  foliated  retains  its  feldspar  fragments  in  a  quite  fresh 
and  unaltered  condition.  That  this  fresh  feldspar  is  not  a  new  crys- 
tallization, is  proved  by  the  fact  that  fragments  can  often  be  seen  to 
have  once  fitted  together,  as  portions  of  one  individual,  before  the 
crushing  took  place.  Among  many  sections  in  whicti  this  phenomenon 
can  be  observed  may  be  mentioned:  The'Sturgeon  Falls  gabbro;  the 
rocks  of  the  diorite  ridge  near  the  Lower  Quinnesec  Falls ;  Nos.  11004, 
11010,  11019,  and  11102  from  just  below  the  Lower  Quinnesec  Falls; 
Nos.  11054, 11073,  and  11056  (see  Fig.  11)  from  Upper  Quinnesec  Falls; 
No.  11179  from  Four-Foot  Falls,  and  Nos.  11651  and  11652  from  the 
Cleveland  gre  dock  in  Marquette. 

Such  observations,  made  at  many  widely  separated  localities  within 
the  Menominee  and  Marquette  greenstone  areas,  would  at  first  thought 
seem  to  indicate  that  there  is  a  reciprocal  relation  between  the  chemical 
and  mechanical  effects  produced  by  great  pressure.  In  other  words, 
that  the  force  which  in  the  m  assive  portion  of  the  rock  caused  increased 
chemical  action  and  alteration  of  the  feldspar  to  saussurite,  was  ex- 
pended, in  another  part,  in  the  work  of  crushing.  The  fact,  however, 
that  the  bisiUcate. constituents  are  more  altered  in  the  crushed  bands 
than  iu  the  other  part  of  the  rockmass  is  opposed  to  such  an  explana- 
tion, and  seems  rather  to  indicate  that  the  more  ready  alteration  of 
these  andtheproductionof  such  minerals  as  fibrous  hornblende,  chlorite, 
and  talc,  formed  a  soft  matrix  which  protected  the  feldspar  from  the 
further  action  of  pressure  and  chemical  action. 

A  totally  different  alteration  from  saussuritization  is  sometimes  ob- 
served in  the  feldspars  of  the  more  basic  eruptives.  This  consists  of 
their  change  to  green  hornblende  needles,  and  can  of  course  occur  only 
where  a  portion  of  the  necessary  elements  is  furnished  by  some  bisiU- 
cate. These  elements  (i.  e.,  magnesium  and  iron)  wander  along  the 
cleavage  cracks  of  the  feldspar,  causing  the  development  of  the  needles 
as  shown  in  PI.  XII,  fig.  2.  A  very  complete  instance  of  this  change 
is  shown  in  the  epidiorite,  No.  11663,  from  Pine  street,  Marquette. 

Still  another  alteration  of  the  plagioclase  is  to  epidote.    This  is  com* 
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plete  in  Ko.  11091  from  tb©  Horse  Bace,  and  partial  in  No.  11712  from 
the  Brook  Section,  near  Marqaette. 

While  thelime  feldspars  change  to  zoisite,  epidote,  or  hornblende,  the 
alkaline  feldspars  show  a  corresponding  tendency  to  pa^  into  mica 
(sericite).  This  process  is  most  commonly  central,  the  periphery  of  a 
crystal  remaining  intact  after  the  interior  is  completely  altered,  as  may 
be  seen  in  No.  11104,  the  granite  from  south  of  Upper  Quinnesec  Falls. 
This  same  specimen  exhibits  an  interesting  phase  of  the  inverse  ratio 
existing  between  the  mechanical  and  the  chemical  action  in  the  acid  > 
feldspar.  Microcline  seems  to  have  been  abundantly  developed  from 
orthoclase  by  pressure  but  while  the  orthoclase  itself  is  sericitized,  the 
microcline  never  shows  a  trace  of  this  change. 

Pyroxene  is  comparatively  rare  in  the  rocks  studied,  occurring  only 
as  diallage  in  the  Sturgeon  Falls  gabbro,  and  as  augite  in  the  younger 
Marquette  diabases;  nevertheless,  from  the  structure  of  many  of  the 
other  rocks,  we  may  affirm  with  certainty  that  they  once  contained  py- 
roxene, and  may  hence  trace  the  alterations  which  this  mineral  has  un- 
dergone. 

The  most  common,  and  indeed  the  almost  universal  change  of  the 
pyroxene  in  the  Menominee  and  Marquette  rocks  is  to  hornblende.  The 
compact  brown  hornblende  in  the  Sturgeon  Falls  gabbro  and  in  the 
porphyritic  rocks  from  the  west  end  of  the  ridge  near  Lower  Quinnesec 
Falls,  shows  strong  evidence  of  having  originated  from  pyroxene,  bat 
this  can  not  perhaps  be  regarded  as  beyond  all  doubt.  Compact  green 
hornblende  appears  to  replace  original  diallage  in  the  gabbro-like 
diorite  which  forms  the  barrier  rock  at  Upper  Quinnesec  Falls  (see 
PI.  X,  fig.  1),  where  it  even  retains  the  orthopinacoidal  parting.  The 
same  mineral  likewise  seems  to  replace  original  augite  in  many  of  the 
Horse  Bace  diorites,  whose  structure  is  typically  diabasic. 

Fibrous  green  hornblende  or  uralite  is  too  common  and  well  known 
an  alteration  product  of  pyroxene  to  deserve  especial  description.  It 
is  universally  distributed  through  all  of  the  more  basic  rocks  in  the 
areas  investigated. 

A  colorless  chlorite  may  be  seen  originating  from  the  almost  dolor- 
less  diallage  of  the  Sturgeon  Falls  gabbro,  as  shown  in  PI.  VIII,  fig. 
2.  From  the  varieties  of  pyroxene  which  are  richer  in  iron,  a  deep  green 
chlorite  results  which  is  often  associated  with  epidote,  as  shown  in  PL 
XI,  fig.  1. 

Hornblende. — Without  reference  to  the  original  or  secondary  origin  of 
the  hornblende  itself,  this  mineral  is  found  subject  to  several  different 
alterations. 

It  passes  from  the  compact  to  the  fibrous  form  by  fraying  out  at  the 
ends,  as  shown  in  specimen  No.  11176,  from  the  Four-Foot  Fall  (see 
Fig.  19,  p.  126).  It  also  seems  to  give  rise  to  biotite  in  many  of  the 
Horse  Bace  diorites  and  in  the  amphibole  granite.  No.  11831,  obtained 
at  the  camp  northwest  of  Marquette.     (See  PI.  XVI.  fig.  2.)    Talc 
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frequently  is  prodaced  by  hornblende  alteration  In.  tbe  Horse  Bace 
diorites  as  described  in  Chap.  Ill  (p.  107).  A  colorless  chlorite,  closely 
resembling  that  produced  from  the  Sturgeon  Falls  diallage,  is  derived 
from  the  pale  hornblende  (itself  probably  paramori)hic)  of  No.  11098, 
from  the  ridge  near  Lower  Quinnesec  Falls.  This  is  produced  in  spots 
over  the  hornblende  and  is  visible  only  by  its  isotropic  behavior  in  polar- 
ized light,  as  shown  in  Fig.  9  (p.  79).  The  viridite  (chlorite)  epidote 
aggregate  originates  from  hornblende  just  as  it  does  from  pyroxene. 
Finally  serpentine  is  an  exceptional  result  of  hornblende  alteration,  as 
may  be  seen  in  specimens  11078  and  11191  from  the  Horse  Bace  (p.  109). 

Biotite  shows  the  usual  alterations  and  is  principally  the  result 
of  weathering  rather  than  of  metamorphic  processes.  Bleaching  first 
takes  place  and  then  chloritization.  Carbonates  are  sometimes  sepa- 
rated in  the  form  of  interpolated  lenses,  while  the  titanium  which 
entered  into  their  composition  separates  out  sometimes  as  anatase 
(Nos.  11050  and  11052  from  Upper  Quinnesec  Falls)  and  sometimes  as 
rutile.*  (Nos.  11113,  from  near  Iron  Mountain  in  the  Menominee  valley, 
No.  11672  from  Marquette  and  No.  11738  from  the  Brook  Section.) 

Olimne  occurs  only  in  a  few  of  the  Marquette  diabases,  where  its 
alteration  is  the  usual  one  to  serpentine. 

Ilmenite  is  the  last  of  the  important  original  constituents  of  the 
Menominee  and  Marquette  massive  rocks  whose  alterations  can  be 
clearly  traced.    This  gives  rise  to  a  variety  of  new  titanium  minerals 

Its  commonest  change  is  that  to  leucoxene,  which  is  everywhere 
encountered,  see  PI.  IX,  figs.  1  and  2. 

Sphene  or  titanite,  of  which  leucoxene  is  only  a  special  form,  some- 
times originates  from  ilmenite,  as  is  shown  in  PI.  XIII,  fig.  1,  and  in 
PI.  XVI,  fig.  2. 

•  Anatase  also,  in  association  with  leucoxene,  is  a  secondary  product 
of  ilmenite  alteration.  This  is  shown  in  Fig.  25  (p.  131)  of  No.  11130, 
from  Twin  Falls,  as  well  as  in  No.  11802,  one  of  the  stretched  agglom- 
erates on  the  Oarp  Biver.    (See  Chap.  V,  p.  177.) 

'  On  the  frequeDoy  of  these  changes  aee  Wliitman  Cross :  '*  Petrof(raphy  of  the  Leadville  Hocks*' 
in  Mon.  U.  S.  Geol.  Sarvey,  toI.  12, 1887. 
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PLATE  VIII. 
Fig.  1,—Sau8surite  gabbro  {first  stage). 

From  potnfc  h,  PI.  Ill,  at  Sturgeon  Falls,  Menominee  River,  Miobigan.  Specimen 
No.  nur^a.    Ordinary  light.     (See  p.  68.) 

Tli^^  tricliiiic  feldspar,  which  shows  occasional  idiomorphio  forms  indicating*  that 
it  ts  in  parr,  at  least,  older  than  the  pyroxene,  here  appears  almost  completely  altered 
to  an  o[iuv|iK^,  gray  saussurite.  A  high  magnifying  power  resolves  this  into  an  aggre- 
l^iiti^  of  uiUiiite  zoisite  needles,  calcite  and  albite.  These  are  somewhat  unevenly  dis. 
tributed  wliich  produces  the  blotched  appearance  of  the  saussurite. 

Tbr  diulljhr^e,  which  is  of  a  pale  green  color  in  the  hand-specimen,  is  almost  color- 
\i*9ii  when  8(^tu  under  the  microscope.  Its  well  marked  orthopiuacoidal  parting  is  seen 
OIL  tkfi  riglit  of  the  figure.  This  diallage  is  surrounded  by  a  border  of  compact  horu- 
bl<MJ*le,  wluch  is  either  brown,  pale  green  or  colorless.  It  frequently  becqjnes  iibroas 
oil  itH  oxtnrior  edge,  as  is  shown  in  Fig.  7,  on  p.  70.  Small  patches  of  compact  brown 
liornbli^ndi^  ;hre  also  abundantly  scattered  over  the  entire  surface  of  the  diallage  iu  a 
Hi  a  11  He  r  ihiit  would  seem  to  iudicate  that  it  had  originated  from  the  latter  by  para- 
liiorplji^m.  There  is  some  pale  green  chlorite  visible  in  the  upper  part  of  the  draw- 
ing and  on  the  right  is  a  bit  of  ilmenite  and  leucoxene. 

Fig.  2. — Saussurite  gahbro  (second  stage). 

From  point  /,  PI.  Ill,  at  Sturgeon  Falls,  Menominee  River,  Michigan.  Specimen 
Nu.  ItloL     Kepresented  between  crossed  nicol  prisms.     (Seep.  72.) 

A  L'iri^'o  individual  of  the  pale  diallage  is  here  seen  iu  an  advanced  stage  of  altera- 
tion ti)  a  4-iilariess  chlorite.  Because  of  the  almost  isotropic  character'of  this  mineral, 
it  iH  ni'cemnTj  to  show  its  appearance  in  polarized  light.  Imbedded  in  the  chlorite 
arc.  rcmiiiinla  of  the  still  brightly  polarizing  diallage,  and  around  it  is  the  border  of 
lionibltodr,  which  here  shows  pale  yellow  interference  colors. 

Thi^  fi'ldH|iar  is  less  completely  saussuritized  than  in  the  last  figure.  Its  character- 
hiw  tu  JTifiing  lamellse  are  still  visible  in  many  instances,  particularly  at  the  center 
uf  tbi^  cry ht ilia. 
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PLATE  IX. 
Fio.  1. — Altered  diabase  or  dtorite. 

From  tlie  so-called  '*  Qabbro  Ridge/'  below  Lower  Qainnesec  Falls,  Menominee  River, 
Miihrgan.  Specimen  No.  11028.  Ordinary  light.  (Seep.  81.) 
Th^^  or  jgiiial  Btrncture  of  this  rock  has  been  completely  changed,  in  spite  of  its  still 
maiiksj  V6  char^irter.  It  is  now  composed  of  pale  green,  fibrous  hornblende,  saussurite, 
flTiiirtz,  calciti-^  chlorite,  ilmenite,  and  leucoxene.  Most  of  these  constituents  are  of 
Beeoudary  nri^m,  and  in  the  process  of  their  formation  the  form  of  the  primitive  min- 
cruls  lm«j  hi^t>ti  m  completely  obliterated  that  it  is  now  impossible  to  say  whether  the 
motbor-roek  was  a  diabase  or  a  diorite. 

Fto,  ^^.—Schiatow  hand  in  the  last  figured  rook,  showing  the  effect  of  djfnamic  melamor- 

phism  {stretching)  upon  it, 

LcKulity  Baitji>  as  that  of  last  figure.    Specimen  No.  11031.    Ordinary  light.     (See 

p.  82.) 
Tbi'  fe]iL4|>iir  in  this  rock  is  chemically  less  altered  than  in  the  last,  but  it  has  been 
Bubji^cUid  til  i4  much  more  intense  mechanical  action.  It  is  fractured,  and  the  frag. 
uii!xit«  arij  wiikily  separated,  although  those  pieces  which  once  belonged  to  the  same 
iTyBtal  may  s^till  often  be  identified.  The  interstices  are  filled  with  scales  of  a  green 
chlorite^  iirrauged  parallel  to  one  another,  so  as  to  produce  a  schistose  structure. 
£y«d  the  littlo  leucoxene  zones  around  the  ilmenite  grains  have  been  elongated  in 
the  saoie  iliTection. 
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PLATE  X. 
Fio.  1  .--SausturUe  diorite. 

This  rovk  forms  the  barrier  at  Upper  Quinnesec  Falls,  Menominee  River,  Michigan. 
Specimen  No.  11054.    Ordinary  light.     (See  p.  103.) 

Iti  spito  r)f  the  close  external  resemblance  of  this  rook  to  the  Stargeon  Falls  sans- 
ejuritij  gaibbro  (PI.  YIII,  fig.  1),  it  shows  no  trace  of  any  pyrozenic  constitnent.  Its 
only  Ijisilkate  is  hornblende.  This  is  sometimes  compact  (and  then  both  brotrn  and 
gmeii  ki  i.'oZor),  sometimes  ragged  and  fibrous.  The  former  variety  is  seen  in  the 
tenttrr  mul  on  the  left  of  the  figure,  with  its  remarkably  perfect  orthopinaooidal 
purling,  liko  that  recently  observed  by  Cathrein  in  a  hornblende  from  Roda,  in  the 
TyroL  This  parting  may  be  an  indication  that  this  hornblende  has  been  derived 
f m tj I  t>rj ^  i  t J b\  diallage.  A  large  individual  of  the  more  ragged  and  fibrous  hornblende, 
Hlk'd  vvitli  secondary  quartz,  is  shown  on  the  right  of  the  figure. 

The  ft^lrlBpar  of  this  rock  has  undergone  the  usual  alteration  to  opaque,  gray  saus- 
burilt^,  lint  m  this  are  imbedded  frequent  grains  of  a  fresh  brown  feldspar.  Leu- 
cuxi^iia  riiDB  ^ound  the  ilmenite  are  abundant. 

Fio.  2.^Tifpioal  aphanitic  greewftane  of  the  Marquette  region, 

Frt>m  Baldwin's  Kilns,  northeast  of  Negaunee,  Michigan.  Specimen  No.  11747.  Or* 
dinary  light.  (See  p.  172.) 
This  i.Hi  :i  fair  representative  of  the  commonest  rock  type  in  the  sonthern  Marquette 
ninl  Negruiueo  greenstone  areas.  Its  grain  must  always  have  been  very  fine  and  com- 
|iact .  Long,  slender  feldspar  crystals  may  still  be  seen,  sometimes  with  an  imper- 
lei:l)y  ikvi  loi»ed  form,  such  as  is  common  in  the  semi-crystalliDe  rocks  (porphyiites). 
Tbt3  |,a'uuiidmass  is  composed  of  a  fine  grained  aggregate  of  fibrous  hornblende, 
eliIoriu%  quartz,  calcite,  and  ilmenite  leucoxene.  These  minerals  are  all  secondary, 
and  may  en^sily  have  resulted  from  the  alteration  of  a  cryptocrystalline,  or  even  a 
parti  ally  vitreous  base. 
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PLATE  XI. 

Fig.  l.—CkUnrite-ipidQle  aggregate  in  an  altered  diabase. 

Fiom  below  Upper  QniniiMeo  Falls,  Menominee  Rivery  Michigan.  Specimen  No. 
11049.  Ordinary  lighfc.  (Seep.  97.) 
Tbtii  ie  a  very  common  alteration  product  in  rooks  of  the  diabase  type,  especially 
in  those  rich  in  iron.  In  a  confdsed  mass  of  deep  green  and  somewhat  pleochroic 
€blonta  scales  lie  embedded  extremely  sharp  crystals  of  a  yellowish  or  colorless 
epidote.  These  latter  are  what  the  earlier  students  of.  these  rocks  mistook  f6r 
secondary  angite.  In  the  lower  part  of  the  figure  are  seen  ilmenite  grains  snr- 
TOimded  by  rims  of  leucoxene  and  a  portion  of  a  large  secondary  hornblende  crystal. 

Fio.  ^.-^Stretched  greeneUme. 

From  Bbove  Lower  Qainnesec  Falls,  Menominee  River,  Michigan.  Specimen  No. 
11102.  Ordinary  light.  (Seep.  94.) 
The  ofTects  of  tension  upon  a  solid  rock  mass  are  rarely  seen  more  distinctly  than 
in  tbiB  specimen.  Not  only  the  feldspar,  but  also  a  large  grain  of  ilmenite  has  here 
been  forcibly  torn  asnnder,  and  the  fragments  have  been  separated  a  considerable  dis- 
tance, fit  ways  in  one  direction.  The  peculiar  green  chlorite  so  characteristic  of  all 
Btrdtcb43d  basic  rocks  (cf.  PI.  IX,  fig.  2)  fills  the  interstices  between  the  mineral  frag- 
ments. It  must  have  crystallized  after  the  breaking  of  the  solid  rock  constituents 
and  its  acales,  which  are  all  arranged  parallel  to  the  direction  in  which  the  strain 
was  extorted,  produce  a  decidedly  schistose  structure  in  the  rock.  The  fresh  state  of 
the  feldspar  in  a  rock  which  has  been  subjected  to  such  intense  mechanical  action  as 
this  ouv>  is  very  noticeable. 
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PLATE  Xn. 
Fio.  l,^Coar$ely  cry$UUUne  diorite. 

FroEi  near  Baldwin's  Kilns,  northeast  of  Negaonee,  Michigan.  Specimen  No.  11749. 
Ordinary  light.  (See  p.  173.) 
Thifl  one  of  the  coarse  grained  dike  rooks  which  penetrate  the  aphanitic  green- 
8tc>nt>8  of  tlu?  Negannee  area.  The  hornblende  is  idiomorphic,  and,  as  there  are  no 
ofirtniii  traces  of  pyroxene,  the  rook  Is  designated  a  <<  diorite."  The  feldspar  is 
qui  TO  tilled  with  secondary  actinolite  or  epidote  needles.  The  hornblende  is  often 
altt^red  iniero Lilly  to  chlorite  or  fibrous  amphibole,  while  its  exterior  still  remains 
cotiipact  and  ahows  a  curio  as  concentration  of  the  green  coloring  matter.  There  is 
alHo  obstirvivtUe  around  the  edge  of  the  hornblende  crystals  a  separation  into  fibers, 
as  deecrlbtid  by  Becke. 

Fig.  2.—EpidioHie, 

From  the  Horse  Race  above  Upper  Quinnesec  Falls,  Menominee  River,  Michigan. 
Specimen  No.  11186.  Ordinary  light.  (See  p.  107.) 
This  iH  on  I'  of  the  coarse  grained  dioritic  rocks  so  abundant  along  the  Horse  Race 
Hapid.  Tko  pale  green  hornblende  is  entirely  allotriomorphic  and  fills  the  spaces 
betwi^eTi  tht'  idiomorphic  feldspar  crystals  exactly  as  augite  does  in  diabase.  Still 
there  i»  no  i  rrtaln  trace  of  pyroxene  now  present.  *The  hornblende  shows  a  deeper 
(^)lor  around  its  edge  and  a  breaking  up  into  fibers,  which  are  arranged  in  irregular 
buudlo&atid  appear  to  wander  oif  into  the  surrounding  feldspar. 
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PLATE  Xni. 
Fig.  l.^Sphme  orystah  around  ilmeniie. 

In  a  dmritk  rock  from  the  Horse  Race  Rftpid,  above  Upper  Qoinnesec  Falls,  Meno- 
minee River,  Michigan.  Specimen  No.  11189.  Ordinary  light.  (See  p.  109.) 
These  gpbi^nc  crystals,  although  their  minerological  character  is  undoabted,  are 
not  sa  olear  or  ao  sharply  defined  as  nsaaL  They  are  gray  and  oloady,  resembling 
kucoietifi  Lu  fjppearance;  and,  like  this  substance  which  is  known  to  be  identical 
with  s|»tiL'[)(''  iti  Us  composition,  these  crystals  sarround  grains  of  ilmenite,  as  thongh 
tb^y  had  origiaated  from  its  alteration.  If  this  be  the  case,  we  have  here  an  inter- 
eating  exam  pie  of  lencoxene  assuming  its  characteristic  titanite  fi>rm. 

Fig.  2,^BuHU  originaHng  from  the  alteration  of  ilmenite. 

In  n  ^eenstona  from  below  the  Upper  Qainnesec  Falls,  Menominee  River,  Michigan. 
Spechnen  No.  11070.  Ordinary  light.  (See  p.  99.) 
Tlit>  Totk,  whbh  was  probable  once  a  diabase,  now  consists  principally  of  green 
chlorite  unii  radish  feldspar  substance.  The  opaqae  iron  oxide  now  present  is 
iiiag^Tietite.  This  occupies  irregular  areas  and  is  intimately  associated  with  a  net- 
work of  )4?l]<>i^^  rutile  needles  in  a  manner  which  renders  probable  the  origin  of  both 
oft  bem^  tn  1 1)  eral  s  fh>m  an  original  ilmenite.  • 
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PLATE  XIV. 
Fig.  1. — Sericite  porphyry. 

From  just  below  the  Upper  Qainneseo  Falls,  Menominee  River,  Wisconsin.  Specimen 
No.  11050.  Niools  crossed.  (See  p.l21.) 
This  rock,  which  was  once  an  eruptive  quartz  porphyry,  shows  in  an  admirable 
manner  the  effect  of  stretching.  The  porphyritic  quartz  crystals  are  somewhat 
elongated  and  testify  to  the  t-ension  to  which  they  have  been  subjected  by  an  nndu- 
latory  extinction.  The  porphyritic  feldspar  crystals  are  fractured  and  pulled  apart 
always  in  the  same  direction,  without  reference  to  the  position  which  they  them- 
selves occupied  in  the  rock.  The  fissures  are  cemented  by  a  new  crystallization  of 
sericite.  The  microgranlticgroundmasshas  been  rendered  schistose  by  stretching  and 
by  the  abundant  production  of  sericite,  whose  scales  have  a  parallel  arrangement. 

Fig.  2,— Stretched  and  breeciated  greenstone. 

From  near  the  Carp  River,  north  of  Teal  Lake,  Michigan.    Specimen  11803.     Nicola 

crossed.     (Seep.177.) 
Some  of  tlie  interstitial  material,  occurring  between  the  massive  cores  of  the  - 
spheroidally  parted  (breeciated)  greenstones,  contains  distinct  crystals   of  white 
feldspar.    Between  the  eastern  end  of  Teal  Lake  and  the  Carp  River  some  of  these 
massive  cores  are  themselves  much  elongated  by  stretching.   (See  Fig.  27,  p.  177.)    A 
section  of  the  insterstitial  material  from  this  locality  was  selected  for  illustration  be- 
cause of  the  distinctness  with  which  this  stretching  is  apparent  in  the  feldspar 
crystals.    They  are  always  broken  and  pulled  apart  iu  the  same  direction,  while  the 
smaller  components  of  the  rock  show  a  corresponding  elongation.    The  continuity  of 
the  original  rock-structure  in  the  interstitial  portion  of  this  exposure  indicates  that 
the  spheroidal  parting  is  in  this  case  a  result  of  cooling,  rather  than  of  mechanical 
brecciation  in  situ.    (See  p.  167.) 
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PLATE  XV. 

Fig.  l,— Structure  of  one  of  the**  Augen  "  in  an  ''Augengne'us,^^  oratreUihed  gramUepoT' 

phyry. 
From  a  sohistoae  dike  in  the  greenstones  of  the  Horse  Race  Rapid  above  Upper  Quin- 

nesec  Falls,  Menominee  River,  Michigan.    Specimen  No.  11184.    Ordinary  light. 

(Seep.  118.) 
The  center  of  the  ''Ange/'  or  eye,  is  seen  to  consist  of  a  portion  of  an  old,  brown 
colored  porphyritic  feldspar  crystal.  This  is  grannlated  on  either  side,  and  palled 
ont  into  a  lens,  whose  longest  axis  agrees  with  the  direction  of  the  foliation.  The 
granulation  is  composed  of  a  new  crystallization  of  the  feldspar  snbstance,  which  is 
clear,  and  althongh  granitic  in  structnre,  it  has  a  mach  coarser  grain  than  the  rest 
of  the  rock.  This  formation  of  an  '*  Ange"  ont  of  a  porphyritic  feldspar  crystal 
agrees  with  the  observations  of  J.  Lehmann,  Chelios,  and  others. 

Fig.  2. — Stretched  quartz  porphyry. 

From  a  conformable  dike  in  the  schistose  greenstones  of  the  Brook  Section,  west  of 
Marqnette,  Mich.    Specimen  No.  11707.    Nicols  crossed.    (See  p.  150.) 

This  rock  is  particularly  noticeable  on  acconnt  of  the  wonderfnl  manner  in  which 
it  shows  the  effects  of  a  stretohing  action  upon  quartz.  The  original  crystals  are 
elongated  into  lenticular  and  pear  shaped  forms,  or  even  into  long,  narrow  bauds. 
The  first  effect  of  the  tension  is  to  disturb  the  optical  homogeneity  and  produce  an 
undiiiatory  extinction.  If,  however,  the  strain  is  great  enough  to  overcome  the  force 
of  cohesion,  a  mosaic  of  interlocking  and  differently  orientated  grains  is  the  result. 
Similar  phenomena  have  been  observed  and  illustrated  by  J.  Lehmann  in  Saxony. 
The  porphyritic  feldspar  crystals  in  this  rock  are  not  broken,  nor  do  they  show  the 
evidence  of  great  pressure.  Their  form  is  generally  intact,  but  it  is  worthy  of  re- 
mark that  their  center  is  always  occupied  by  an  irregular  area  of  microcline. 

The  groundmass  is  finely  microgranitic,  containing  sinuous  bands  of  micaoeoua 
minerals,  which  bend  around  the  porphyritic  constituents,  while  they  foUow  the 
general  direction  of  the  foliation.  ^ 
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PLATE  XVI. 
Fig.  l.'-GreeHMtane  iohiai  (tuff)  of  the  northern  Marquette  area, 

LighthoQM  Point,  Marqaette,  Mich.  Specimen  No.  11619.  Ordinary  light.  (See 
p.  155.) 

A  characteristic,  although  by  no  means  universal  structure,  in  the  banded  green 
schists  which  compose  so  large  a  portion  of  the  region  around  Marquette,  consists  in 
the  tufted  form  of  the  hornblende  crystals.  These,  although  quite  compact  at  their 
centers,  are  fibrous  at  the  ends  and  expand  so  as  to  resemble  sheaves  tied  in  the  mid- 
dle. The  fibers  are  so  fine  and  the  radial  arrangement  at  the  ends  of  the  bundles  is 
BO  perfect  that  the  arm  of  a  black  cross  is  seen  to  sweep  across  the  field  when  the 
thin  section  is  viewed  between  crossed  nicol-prisms.  Hornblende  with  a  strnctare 
like  this  has  been  observed  by  Renard  and  others  as  a  new  crystallization  in  altered 
sediments,  a  fact  which  lends  additional  support  to  the  hypothesis  that  these  green 
schists  are  tuff  deposits. 

Fig.  2. — Amphibole  gi-anite{f)  forming  a  dike  in  aphanitic  greenstones. 

Northeast  of  Negannee,  Mich.     Specimen  No.  11831.    Ordinary  light  in  part ;  polar- 
ized light  in  part.    (See  p.  181.) 

This  rock  presents  many  points  of  interest,  both  in  its  structure  and  alteration 
products.  The  feldspar  is  in  two  distinct  generations,  of  which  the  older  variety  is 
entirely  idiomorphic,  with  a  zone  of  clear  substance  surrounding  a  gray  and  more 
altered  interior. 

The  hornblende  exhibits  the  unusual  alteration  to  biotite,  wbich  is  sometimes 
brown,  sometimes  green.  This  mineral  in  rare  instances  has  crystallized  in  sharp 
hexagonal  plates  which  show  pressure  lines  of  cleavage  (*'Drucklinien"). 

The  groundmass  of  this  rock  is  an  aggregate  of  quartz  and  the  younger  i^eneration 
of  feldspar.  These  sometimes  form  a  microgranitio  mosaic  and  sometimes  micFo- 
pegmatitic  growths,  which  are  represented  in  the  figure  as  they  appear  in  polarized 
liglit.  Apatite  is  abundant,  and  also  ilmenite  or  magnetite  surrounded  by  chlorite, 
and  in  some  oases  by  sphene,  as  though  this  had  resulted  from  the  alteration  of  tUe 
ilmenite,  as  shown  in  PL  XlII,  fig.  1. 
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The^pablioationsof  the  United  States  Geological  Sarvey  are  issued  in  aocordanoe  with  the  statute 
approved  March  3, 1879,  which  declares  that— 

'^TliepablicationsofJheQeolog^oal  Surrey  shall  oonsist  of  the  annual  reportof  operations,  geolof^oal 
and  fM^onomic  maps  illostrating  the  resooroee  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  repoi-t  of  operations  of  the  Qeoiogical  Sarvey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Sarvey  shall  be  issued  in  unifDrm  quarto  series  If  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  pablished  for  soientilio  exchanges 
and  for  sale  at  the  price  of  pnblioation ;  and  all  literary  and  cartographic  materials  received  in  exchange 
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money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasnry  of  the  United 
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distribution  among  those  entitled  to  receive  them." 
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no  copies  for  gratuitoas  distribution. 
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UL  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'82,  by  J.  W.  PowelL  188% 
»>.    xviii,  504  pp.    67  pL  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-88,  by  J.  W.  PoweU.  188i 
9^.    xxxii,  473  pp.    85  pi.  and  maps. 

T.  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  188S-'84.  by  J.  W.  Powell.  1889^ 
8^.    xxxvi,  469  pp.    58  pL  and  maps. 

VL  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-'85,  by  J.  W.  PowelL  1886. 
8^.    xxix,  570  pp.    65  pL  and  maps. 

VIL  Seventh  AnnualReportof  the  UnitedStatesGeologicalSurvey,  1885-'86,  by  J.  W.  Powell.  1888. 
9f^.    XX,  666  pp.    71  pi.  and  maps. 

Vni.  Eighth  Annual  Reportof  the  United  States  Geological  Survey,  1886-'87,  by  J.  W.  PoweU.  1889. 
9P.    2  v.    xix,  474,  xii  pp.    63  pL  and  maps;  1  p.  1.475-1063  pp.    64-76  pi.  and  maps. 

rx.  Ninth  Annual  Report  of  the  United  States  Geological  Survey.  1887-'88,  by  J.  W.  Powell.  1890. 
9P.    xiii,  717  pp.    88  pi.  and  maps. 

The  Tenth  Annual  Report  is  in  press. 
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INTRODUCTION. 


The  sole  object  of  this  boUetin  is  to  give  a  general  view  of  the  litera- 
ture on  the  Paleozoic  Crustacea  and  to  aid  students  and  paleontologists 
in  their  researches.  It  is  the  result  of  more  or  less  constant  work 
daring  the  past  ten  years. 

In  its  compilation  I  have  examined  almost  every  reference  before  re- 
cording it;  those  not  so  examined  are  indicated  by  a  star  (•)  follow- 
ing the  title. 

For  convenience,  the  subject-matter  has  been  arranged  as  follows: 

Part  I.  List  of  authors,  including  a  brief  index  of  the  genera  de- 
scribed in  each  work. 

Part  II.  A  catalogue  of  the  North  American  Paleozoic  trilobites. 

Part  III,  The  non-trilobitic  Paleozoic  Crustacea,  with  a  list  of  the 
gpedes. 

I  am  well  aware  that  the  value  of  a  work  of  this  kind  depends  upon 
the  care  and  labor  given  to  its  compilation.  Every  possible  means  of 
obtaining  accurate  information  from  a  miscellaneous  class  of  literature 
in  many  languages  has  been  used,  and  it  is  hoped  that  there  are  but 
few  errors  and  omissions. 

I  would  thank  those  into  whose  hands  this  bulletin  may  fall  for  any 
information  that  would  add  to  its  value  as  a  working  hand-book. 

A.  W.  VOGDBS. 

PoBT  Hahilton,  New  York  Habbob,  April  30, 1889.  ^ 
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A  BIBLIOGRAPHY  OF  PALEOZOIC  CRUSTACEA  FROM  1G98  TO  1889, 


A  LIST  or  NORTH  AMSRIGAN  SPEGIS3  AND  A  STSTEMATIG  ARRANGEMENT  09  GENERA. 


By  Anthoky  W.  Vogdes. 


PART  I. 

LIST  OP  AUTHORS. 

A  stftr  (*)  Ibllowiiig  ft  title  indicates  that  the  referenoeiB  recorded  witlumt  opportunity  for  personal 


Angelin  (N.  P.)— Oontiniied. 

n.  g.  (corrected  by  Angelin  to  Slyx,  the  ge- 
neric term  Eryx  having  been  used  by  Stephen 
in  1832  for  a  genus  of  the  Coleoptera),  Acontheu9 
n.  g.  icorreoted  by  the  author  to  that  of  Anett- 
CdfUhtu),  Agnottnu^  Phaeopt,  Polytomurus,  He- 
fnopUurideSy  Niobe  n.  g.,  Megalatpis  n.  g. ,  NUeus, 
Ampyx^  Proetut^  Phofthonide*  (Angelin  uses  this 
term  for  that  of  Photon  Barr.),  Fwrbuia,  Oonio- 
pleura^  CMmus  n.  g.,  Anomoeare  n.  g.,  SoUno- 
pleura  n.  g.,  LioHraeut  n.  g.,  Oatym^ne,  Homa- 
lonotui,  Pliomera  {Amphion\,  Oheirurug,  Oyrto- 
iMtopuB  n.  g.,  Addatpit,  Trapeloeera,  Sphce- 
rexoekus,  Aeidtupit,  Bhodope  n.  g.  (this  term 
was  used  by  Siebold  in  1848  for  a  genus  of  the 
Gasteropoda),  Dygplantu,  BumatUu,  Illwnus, 
^glina,  OUnui,  Peltura^  ParaboUna,  Acerocare 
n.  g.,  Leptoplastui  n.  g.,  Eurycare  n.  g.  (this 
genus  is  referred  by  J.  W.  Salter,  Mem.  Geol. 
Surrey  United  Kingdom,  Brit.  Organic  Re- 
mains, decade  xi,  pL  8,  p.  3,  to  the  genus  Sphce- 
rtfphUuUmut  Aug.),  Uphcerophthalmus  n.  g., 
Anopocare  n.  g.  (this  genus  is  referred  by  J.  G.  O. 
Linnarsson,  Geol.  Forening.  Stockholm  Forbdl., 
▼oL  5, 1880-*81,  p.  136,  to  the  genera  Peltura  and 
Sphctrophthalmiu;  the  specimen,  according;  to 
Dr.  Linnarsson,in  the  Koyal  Museum  of  Swcdoo, 
•*  marked  by  Angelin  as  the  obdomm  till  Stenom. 
ptuiUiu,  contains  several  small  heads  of  Sphce- 
ropfUhalmtu  alatut,  and  a  small  pygidium  of 
PeUura  Mcarabceoideii'^  Dr.  Linnarsson  reiers  to 
this  specimen  as  Angelin's  type  for  the  genus 
Anopoeare  and  also  remarks  "that  Angelin  in- 
tended to  change  the  family  name  of  Sphceroph- 
thalmut  alatus  and  their  nearest  forms  to  that 
of  SUnomeioput,  inasmuch  as  another  speci- 
men  of  8ph.  akUut  has,  in  Angelin's  own  hand- 
Digitized  by  (^OOg  l€ 


;  (L.)  Monographie  des  i^oissons 
fofisiles  da  vieax  gr^s  roage  oa  syst^me 
d^YODien  (old  Bed  Sandstone)  des  lies 
Britanniqaes  et  de  Rnssie. 

Text,  Solenre;  atias,  NenchAtel,  1845,  pp. 
zix-xx,  note;  and  atlas,  Tab.  A. 

PtmygoHuik.  g. 

Jklth  (Alois  von).  Ueber  die  pal»ozoi- 
sohen  Glebilde  Podoliens  and  deren  Ver- 
steineroDgen.    Erste  Abtheilang. 

In  AbhandL  k.  k.  geoL  Beichsanst.,  vol.  7, 
pt.lfWieD,187i.6pL 

Proehtf,  Oypha^,  Dalmania,  Oaiymene, 
Otramrui,  SpkarexockuM,  Enerinurut,  lUcgnui, 
Euryptents,  Pterygotut,  StyUmurtu,  Beyrichia^ 
LeperdUia,  PrimUia,  Bairdia, 

Alton  (Ed.  de)i   See  Bnnneister  and 

Alton. 
Ami  (Henry  M.)    Notes  on  Triarthru$ 

9pino9M9  Billings. 

In  Trans.  Ottawa  Field  Nat  aub.  No.  4, 

18»^'83.  p.  88, 1  pi. 

Angelin  (N.  P.)  Palsontologia  8candi- 
navioa.  Pais  I.  Crostacea  formationis 
transitionis.    Lipsiie,  1854,  4to. 

The  flnt  part  of  this  ▼oric,  entitled  "Pals, 
ootologia  Soandinavioa,  '*  containing  pp.  1-24  and 
pi.  1-24,  was  published  by  the  Boyal  Swedish 
Academy  of  Sciences  in  1852.  The  second  por- 
tion in  1854,  including  a  prefaoe,  pp.  1-8  and  pp. 
21-02.  pL  25-42. 

The  genera  are  arranged  in  the  following 
osder:  Obnuf,  Paradoxideit  Oryptonynta,  Eryx 
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Angelin  (N.  P.)— Continued. 

writing,  the  generic  name  of  StmunnMopui**), 
Ptychopyg4  n.  g.,  AtaphuM,  BronteuM,  Holome- 
topxu  n.  g.,  I9ocolu9y  OorynmoehuM  n.  g.,  8ym- 
ph)f»urM$,  Ewloma  n.  g.,  PharoHoma,  Chruh 
cofyphe^  TrinueUtitt  SptuerMoeoryphs  n.  g.,  I>§i- 
phon^  Btauroeephalutt  JAcktu,  Dotiehom^toptu 
n.  g.,  Ptatifmetoput,  Oyrtametopui,  ilmpys, 
Jiapkiophorui,  Lonchodowuu,  HarpM,  Arri^^kut 
n.  g..  Harpidss,  (hntropleura  n.  g.  (J.  O.  O.  Lin- 
■wMon,  Svenska  Yetenak.  Akad.  Handl.,  ▼oL  8, 
1860,  Ko.  2.  p.  71,  dtea  Angelin'a  (kntropUura 
MyjuiHoauda  and  C,  diermwra  nnder  Dr.  Owen'a 
genua  2>iMoM|iAalM«),  Oybde^  IWfpJbitf,  O^iyyio, 
Ogygioearit  vu  %. 

—  Palffiontologia  Scandinavioft.  Pan  I. 
Crnstaoea  formationis  transitionls  fas- 
cionli  1  et  2  cam  tabolis  48.    Holmis, 

1878  (3d  ed.). 

Thia  woriL  oontaina  platea  1,  la,  2,  8, 90.  22, 
with  an  appendix,  pp.  08-96.  Smended  and  re- 
Tiaed  by  Prof.  Gnataf  LindatrSm. 

The  appendix  oontaina  deocriptiona  and  fig- 
nrea  of  the  following  apeciea:  JParodooridM  im- 
iini,  P.  Uttini  rar.  vahlmbergii,  P.  UmmM  var. 
tfriflwulieia,  P.  aJMt,  P.  titUrmiUam,  P,  fottk- 
Aomfiwri,  P.  tumidui,  Omtropltfttni  loveny  C. 
ftMMfrttpi,  Ogygioearit  dilatata,  O.  dilatata 
var.  tarti,  O,  dOattUa  rar.  $tr9mi,  in  addition 
to  the  genera  and  apeciea  deaorfbed  in  the 
aeoond  edition. 

Anthony  (J.  OO    New  Trilobites. 

In  Am.  Joar.  Sd.,  lat  aeriea,  voL  84, 1838,  p. 
870. 
Oeratoc^hala  oeraUpta,  flga.  1  and  2. 

Deaoription  of  a  new  fossil  (  Calfmene 

huoklandii). 

In  Am.  Joor.  Set,  lat  aeriea,  toL  86, 1880,  p. 
106. 

In  thia  article  a  apecimen  of  Cl0rauru*  pleur- 
«»mth§mu$  Green  waa  flgnred  and  deacribed 
nnder  the  name  of  Oalymmie  ImeUandii  aa  a 
new  apeciea. 

Audonin  (J.  Y. )  Reobercbes  snr  les 
rapports  natnrels  qai  existent  entre  les 
Trilobites  et  les  animaax  articnl^ 

In  Annalea  Gto.  8c.  Phys.  Kat,  BmxeUoa, 
iTOl.  8, 1821,  pi.  18,  p.  238 ;  alao  laia  (oder  Bncyc. 
Zeitnng),  Oken,  rol.  1, 1822,  p.  87. 

Oallffiuneblum0nbaehiL 

Baily  (W.  H.)  On  two  new  species  of 
Crustacea  iBelinurus  Konig)  from  tbe 
Coal  Measures  in  Queen's  County,  Ire- 
land ;  and  some  remarks  on  forms  allied 
to  tbem. 

In  Kept.  28th  Meeting  Brit.  Aaaoo.  Adv.  SoL, 
1858,  p.  76. 

On  tbe  annuloid  Crustacea  of  tbe 

Coal  Measures.  (*) 

In  Jonr.  GeoL  Soo.  Dnblin,  vol.  8, 1858,  p.  80. 
In  thia  paper  a  deacription  of  a  foaail  Cnuta* 


Baily  (W.  H.)— Continued. 

oean  from  the  Bilboa  Colliery,  Qneen*aCoiintgr, 
waa  given,  with  a  fow  remaika  on  the  allied 
apeciea  from  Coal  Brook  Dale,  which  had  been 
Indnded  with  it  in  the  genua  LimuUu^  and  it 
waa  propoeed  to  remove  all  these  Coal-Meaanra 
Cmatacea  from  that  genna  and  gronp  tbem 
into  a  new  one,  nnder  the  name  of  St$ropi», 

Remarks  on  some  Coal-Measure  Croa- 

taoea  belonging  to  the  genus  BeUamruM 
Konig,  with  descriptions  of  two  new 
species  from  Queen's  County,  Ireland* 
PI.  5. 

In  Annala  2(at.  mat,  3d  aeries,  voL  2, 1888,  p. 
IM.  Xnnalated  by  Mi]ne>Xdwarda,  Annalf 
Ota.  Sc  Phya.  KaL,  Bmxelles,  1868. 

The  author  herein  deacribea  Bdinurtu  re- 
ginm,  B,  atrmuUui, B. btUuhu,  B,  rotnndtitf 

Charlea  K5nig  in  hia  work  <Iooaea  F6e- 
ailium  Seotiles,  London,  1825)  aimply  mentiooa 
the  name  of  BtUnurui  htUulmt  in  hia  explana- 
tion  of  pi.  18,  flg.  230. 

Figures  of  characteristio  British  fos- 
sils, with  deaoriptiTe  remarks. 

Pt  1,  pla.  1-16,  Cambrian  and  Lower  SOa- 
riaa,  London,  1867;  pt.  2,  pla.  11-2Q,  I860;  pt. 
8,  pla.  21-80, 1871. 

Paradoaridst,  Dikdo^^kdiutt,  Otmui,  Plateo- 
pyge,  Oonoeorypks,  AngeKna^  Pro€tu$,  Pkaeopt, 
Oatymmu,  HonutUmotuM^  XieJUM.  2Vin«el«Ma, 
Amp^,  Atmphui,  Ogygia,  Niobe,  PiOo^tphtOmB, 
JSgKna,  OMrwrtu,  JSpkamothua,  JBneHnurug^ 
ilkenta,  Agnoitut,  Bu^yptan^  FterifpotuM, 
OeratioeariM,  Beyri«M«,  C^lMnt,  PrimSUa, 
Hymtnocari$. 

On  Trilobites  and  other  fowUs  ftom 

Lower  or  Cambro-Silnrian  strata  in  the 
county  of  Clare.  (*) 

In  Jour.  Boyal  GeoL  Sea  Ireland,  voL  IT,  pi. 
1, 1886,  p.  20. 

Banka  (R.  W.)  On  the  tilettonea  or 
Downton  sandstones,  in  tlie  neighbor- 
hood of  Kington,  and  their  oontenta. 

In  Qoart.  Jonr.  OeoL  Soo.  London,  voL  12, 
1856,  p.  03,  plate. 

PUrygvtu$t  PCtnurpif,  BwrypUrui^  Bkm^f^- 
iopttnu, 

Barrande  (Joachim).  Notice  prflimi- 
naire  sur  le  systems  silurien  et  lea  Tri- 
lobites de  Bobftme.    Leipsic,  1846. 

iStageC:  PturadogddM.OwMe^hahu,  BXKpto- 
cephaha,  Arion  n.  «.,  Sao  n.  g.,  BsttiM,  JJytfra- 
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iSuigeF:  Phacapg,  Bronteui,  LichcUfProetut, 
JI«rpet,  Ohe^runUt  Odontopleura,  Cfyphatpit, 
£tege  O :  Phaeopa,  Branteut,  OhHrurui,  Oy- 
*   ^Aa«pw,  OdonUtpUwrn,  PtoHtu. 
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Nonveanx  Trilobities.  Supplement  h 

la  Notioe  pr^liminaire  sur  le  syst^me 
ailurien  et  lea  Trilobltea  de  Bohdme. 
Pragoey  1846. 

^kage D :  CheirunUt  Phaoopt,  Ampyx^  Odon' 
topieura,  Hktnus. 

£tage  S:  Arethuta,  Harptt. 

£tegeF:  Proettu,  PheeUm^  BronUut,  Odon- 
toptettra, 

^tsgeG:  HarpM,  OhHrwnu,  Ph4Mopi, 

^^  UeberdaBHypostomaundEpistoma, 
awei  analoge  aber  veraohiedene  Organe 
dar  Trilobiten. 

In  'Seam  Jahrbaoh  filr  Mineral.,  1847,  p.  385. 
pL«. 

Phacopt  toeiaUSy  P.  hreviotpt,  Awtphicn,  lU 
fwwin,  OOh^irwrM,  Amphu$^  LUhat, 

The  generio  term  DtoiM  it  herein  modified  to 
that  of  iKonide,  p.  881. 

'-^—  8ao  Mrauta  Barrande,  ein  Bruoh- 
atOfik  aos  dem  ''Syst^me  sllnrien  du 
centre  de  la  Bbhftme." 

In  Nenes  Jahrbaoh  fiir  Mineral.,  1840,  p.  885, 
pi.  7. 

Sao. 

Note  on  Trilobites. 

In  Ber.  MittheO.  Freonde  Katorw.,  Wien, 
▼ot  4, 1849,  p.  863. 

Kotioed  l>y  J.  W.  Salter. 

In  Qoart  Jonr.  GeoL  Soo.  London,  rol.  6, 1849, 
pt.2.p.84. 

Deiphon  forbeeii,  nener  Trilobit  ana 

BStunen. 

In  Ber.  MitthelL  Freonde  Katorw..  Wien, 
ToL  ft,  1860,  p.  8. 

Versiioh  einer  Klassifioation  der  Tri- 

lobitm. 
In  Kenee  Jahrbaoh  f&r  Mineral.,  1860,  p.  769. 

—  Syst^me  silnrien  da  centre  de  la 
Bob^me.  1**  partie.  Reoherches  pal^ 
ontologiqnes.    Prague  et  Paris,  1852. 

Vol.  1.  Text,  Cmfitao68,  TrUobitee.  With 
aUaaofSlpls. 

This  clatsioal  work  oontaina  a  historioal 
sketch  of  aU  the  genera  of  Trilobites,  and  de- 
soriptloBS  of  the  foUowiug  genera: 

Harp$tt  Bemopleurides,  Paradoxid4i,  Hydro- 
eephahu,  SaOt  Ar%<mdlu9  n.  g.,  JBlHptooephalut, 
Oimut,  PtUura,  Triarthnu,  OonocephaliUt, 
Pro«titt,PkSUiptia,  OriJfUhidM,  Oyphatpit^Are- 
tfcttfiaa  (generio  term  changed  from  that  of 
ArdkuM  to  Artithutina)^  Harpids$^  PhaeapM, 
DalmaniUi,  OalymeM,  Homahnotut,  Liehtu, 
IHphmUim,  Ampyx^   JHonide  (generio  term 
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changed  from  Dions  to  Dionide),  Ataphut, 
Ogygia,  ^glina  n.  g.,  Ilksnti*,  Nileu$,  Syhi- 
phyiunu,  Acidaapii,  Oheirttrtu,  Plaeoparia, 
8phe&r9xoehus,  Stawrooophalm,  DHphon,  Dindy- 
mene,  Zetkut^  Amphion,  £neriniir%9,  OromuB 
n.  g.,  Brom«ttf,  Agnoalut,  Tel^hut  u.  g. 

On  CeraHocaria  hohemUms,  , 

In  Nenea  Jahrbaoh  fiir  MineraL,  1853,  pt.  8, 
pp.  335-347. 

On  p.  335  of  tbis  article  there  is  a  review  of 
I>r.  D.  D.  Owen's  Itept.  Geol.  Sarvey  Wiscoo' 
sin,  Iowa,  and  Minnesota,  Phila.,  1852. 
t  JHoaloeephdfm,  etc 

Note  sur  quelques  nouveaux  fossiles 

d^oouverts  aa±  environs  de  la  yille  de 
Rokitzan  dans  le  bassin  ailurien  du 
centre  de  la  Bohdme. 

In  BolL  Soc.  Q^oL  France,  2d  series,  toL  13, 
1856,  p.  532. 

CkUymens,  Plaeoparia,  Aeidatpii,  Agno§iu$, 
Ampkya,  Harpegj  Ogygia, 

Mere  mention  of  locality  and  period. 

Wiedererscbeinung  der  6attung^r0- 

ihuHna  Barrande. 

In  Neoes  Jahrbaoh  fUr  Mineral.,  1858,  p.  257, 
1  pL 

Ar^utina  gandbergeri  Barr. 

Documents  anoiens  et  nouveaux  sur 

la  faune  primordiale  et  le  Syst^me 
Taconiqne  en  Am^rique. 

In  Boll.  Soc  O^oL  France,  2d  series,  vol.  18, 
1861,  pp.  203-321,  pis.  4, 6. 

Porad(md$t  ataphoidet  Bmmons,  P.  thomp- 
9oni  Hall,  P.  maeroeephaJui  Emmons,  P.  ver- 
montana  Hall,  Peltura  (Olenui)  ^olopyga  Hall, 
Atopt  trilineatut  Emmons,  A.  punctatui  Em- 
mons, Triarthrus  beeki  Green,  Mieroditoui 
quadrieoMtatuM  Emmons. 

1.  R^apparition  du  genera  Arethu* 

sina  Barrande.  U.  Faune  silurienne 
des  environs  de  Hof,  en  Bavi^re. 
Prague  et  Paris,  1868. 

OUnut,  OonoeephdliU*,  AnthuHna,  (kUy- 
mene^  SavofiUa  n.  g.,  Liehat,  AMaphut,  Ohsiru- 
rutt  Agnottut, 

Trilobites.    I.  R^sum^   g^n^ral  de 

nos  etudes  sur  revolution  des  Trilo- 
bites. n.  Distribution  verticale  des 
Trilobites  dans  le  bassin  silurien  de  la 
Bob6me.  III.  ParallMe  entre  les  Tri- 
lobites et  C^pbalopodes  siluriens  de  la 
Boh6me.  IV.  fipreuve  des  tb^ries  pa- 
l^ntidogiques  par  la  rMit^.  Prague 
et  Paris,  1871. 

Syst^me   silurien  du   centre  de  la 

Bob6me.  1^  partie.  Reoherches  pa- 
l^ntologiques.    Supplement  an  voL  1. 
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Trilobites.  Crugtac^sdiveraetpoiasons. 
Pragae  et  Paris,  1/^72,  32  pis. 

Triloblte*.  Barpet,  R&mopleuridet,  Paradoxi- 
dM,  PtuUmia,  AnopoUnus,  DUceloeephalut.Doli' 
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.ru9,  Charioc4phalus,  Oorynexoehus,  EUipsoce- 
phalut,  Holocepkalina,  Ptychatpit,  Sao,  Triar- 
thrtu,  Triarthrell;  Proettu,  ArethurisM,  Car- 
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mene,  BavariUa,  Homalonotut,  Liehat,  Trinu- 
eleus,  Ampyxy  Dionide,  Endymiania^  Mierodit- 
cw#.  Asaphtu,  Barrandia,  Ogygia,  Ptiloeephalus, 
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IWxn%i$,  Nileus,  Agnoatui,  lUcenopeie,  Pemphi- 
gatpie,  8humardi€i,   Telephue  n.  g.,   Tnopue, 

Phyllopoda.  Ceratiocarig,  Aptyekoptie  n.  g., 
Cryptocarien.  g.,  PUroearU  n.  g. 

OstracodM.  ArUtozoe  d.  g.,  Beyriehia,  Bcl- 
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tiUa  n.  g.,  Cy there,  Oytheropeia  n.  g.,  Elpe  n.  g., 

Entomit,  Eippa  n.  g.,  leochiUna,  Lrperditia, 

.     NothQZoe  n.  g.,  Orozoe  n.  g.,  PrimUia,  Zonozoe 

ILg. 

Enrypterida.   Pterygotua^  Eurypterue. 

Oirrhipedio.  AnaH/optis  n.  g.,  Plumulitee  n. 
g.,  Bactropue  n.  g  ,  Dryalue  u.  g. 

Se©  Oopda  (A.  J.  C.)  and  Hawle  (Ignaz), 

and  Verneuil  (E.  de).  See Vemeuil 

(E.  de)  and  Barrande  (Joacliinj). 
Barrett  (S.  T. )    The  coralline  or  Niagara 
limestone  of  the  Appalachian  system  as 
represented  at  Nearpass's  Cliff,  Mon- 
tague, N.  J. 

In  Am.  Jour.  Set,  3d  series,  vol.  15, 1878.  p. 
370. 
Proetua  paehydermattu  n.  s. 

Description  of  a  new  Trilobite,  Dal- 

manitea  dentata. 

In  Am  Jour.  Sci.,  3d  aeries,  vol.  11,  1876,  p 
200,  plate. 

On  Dalmanites  deniata. 

In  Am.  Joor.  Sci.,  3d  seriett,  vol.  12, 1876,  p.  70. 

Barrla  (W.  H.)     New  fossils  from  the 
Corniferous  formation  at  Davenport. 

In  Davenport  Acad.  Nat  Sci.,  vol.  2,  1879,  p. 
282.  pla.  10  and  11. 
Proetua  davenporUnaia  n.  a.,  pi.  11,  flg.  8. 

Barroia  (Charles).    Note  sur  des  fossiles 
de  Cathervielle. 

In  BulL  Soc.  G6ol.  France,  3d  aeriea,  vol.  8 
1880.  p.  266. 

Phaeopa  /eeundua,  Dalmanitea  hauamani, 
pl.8. 
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Recherches  sur  les  terrains  anciens 

des  Asturies  et  de  la  Galice. 

In  M6m.  Soc.  G«oL  Nord,  Lille,  vol.  2,  IS^ 
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In  Annalea  Soc.  GAoL  Nord,  Lille,  voL  10, 
1883,  p.  15L 

Oypkaapia,  Phaeopa,  Dalmanitea,  Lickaa. 

Les  appendices  des  Trilobites. 
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M^moire  snr  le  calcaire  k  Polypiors 
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Phaeopa,  Bronteua, 
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Barpea,  Oypkaapia,  Phaeopa,  Dalmaniiea, 
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1885-'86,  p.  170.  " 

Aper^u  de  la  constitution  g^ologlqne 
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Cryphceua,  Qoldiua,  Preetua,  PhiUipaiaf  pi.  6, 
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Beyriehia, 

Beckmann  (J.)  Commentatio  de  redno- 
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1778,  p.  95. 

Digitized  by  CjOOQ  IC 


toomtt.] 


LIST  OP  AUTHORS. 


17 


Beecher  (C.  £.)  CeraHocaridcs  from  the 
Upper  Devonian  Measnres  in  Warren 
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On  Bonie  new  or  little-known  species 

of  Lower  Silurian  foasils  from  the  Pots- 
dam gronp  (Primordial  zone).  Mon- 
treal, 1861,  24  pp. 

This  pamphlet,  with  the  iddition  of  a  de- 
BcriptioD  of  Arehaocfotkut  pro/vndu*^  the  sap* 
pression  of  that  of  A.  minganentis,  aod  the 
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OUn^Uu  thompioni  RaXi  OUneUuM  vermon- 
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JUanus,  Aeidoipi*,  Cheirurtu,  Amphion,  £n> 
erinurut,  Bronteus,  Beyrichia,  LeperdUiay 
ItochiUna,  EurypUrut^  Oytheropti*. 

—  Description  of  new  species  of  Phil- 
Upaia  from  the  Lower  Carbon  iferoos 
rooks  of  Nova  Scotia. 

In  Canadian  KatnraUst,  toI.  8,  1863,  p.  209, 1 
wood-cut. 

PhUUpHa  h&wi, 

Description  of  some  new  species  of 

fossils,  with  remarks  on  others  already 
known,  from  the  Silurian  and  Devonian 
rocks  of  Maine. 

In  Proc.  Porthind  Soc.Kat  Hist,  yoL  1, 1860. 
p.  104,  plate. 

DalmanUes  epieratsM  n.  s.,  Oheirurttt  tarqvi- 
nius  n.  s.,  Proetut  Junius  n.  s.,  P.  macrobius 
n.  8.,  Bronteus  pompUius  n.  s.,  Phacops  trajanus 
n.  8.,  Lichas, 
Palaeozoic  fossils.  Vol.  1.  Contain- 
ing descriptions  and  figures  of  new  or 
little  known  species  of  organic  remains 
from  the  Silurian  rocks.  186l-'65.  426 
pp.,  401  figures.    Geol.  Survey  Canada,  j 

The  first  portion  of  this  work,  consisting  of  j 
24  pages,  was  issued  in  Noremher,  1861,  and  { 
re-appears  in  thid  work,  wiUi  the  exception  cf  ! 
the  notes  on  pages  10, 11,  and  12  of  the  original 
edition.    The  seoood  part,  consisting  of  pp. 


Billings  (E.)— Continued. 

2S-66,  was  issoed  in  January,  1882,  and  the 
third,  pp.  57-168,  in  June,  1862;  the  foanfa, 
pp.  160-344,  in  Febmarj,  1865. 

Harpet,  Bsmoptsuridss,  OUnus,  OleneUu*, 
DoUehometopus,  Dikelocephalus,  Telephus,  Cono- 
e^phaUtes,  ArioneUui,  Bathyurvs,  LoganeUus^ 
MenocepfuUus,  Triarthrus,  Harpides,  Lickas^ 
AmpyXy  Asaphus,  Cheirurus,  Sphesrexoehus, 
AfHphion,  Enerinurus,  lUanus,  Ifileus,  A^nos- 
tus,  Beyriekia,  Leperditia,  Bathyureilus  n.  g., 
Shumardia  n.  g.,  Endytmon  n.  g.  (this  name 
was  changed  by  the  anther  to  that  of  Bnd^- 
mionia on  p.2Bl). 

Catalogue  of  the  Silurian  fossils  of 

the  island  of  Anticosti,  with  descrip* 
tions  of  some  new  genera  and  species. 
1866.  93  pp.,  28  figs.  Geol.  Survey 
Canada. 

Harpes,  Sphceroooryphs,  Proetus,  Dalmani' 
tes,  OcUymens,  Liehas,  Dionide,  Asaphvs,  ChH- 
rurus.  Sphesrexoehus,  Encrin%»rus,  Bronteus^ 
lUfBnus,  Beyriehia^  LsperdiHtL 

Note  on  some  specimens  of  Lower 

Silurian  Trilobites. 

In  Qnart.  Jonr.  Geol.  Soc.  London,  voL  26, 
1870,  p.  479,  pis.  31, 32. 

Asapkus  platyeephalus  Stokes,  with  some  of 
the  legs  preserved. 

Palffiozoic   fossils.    Vol.   2,   pt.    1. 

1874. 

In  OeoL  Survey  Canada,  144  pp.,  85  flgn.  and 
9  pis. 

Paradoxides,  AnopoUnus,  Agrauios^  Solsno 
pleura. 

On  some  new  or  little  known  fossils 

from  the  Silurian  and  Devonian  rocka 
of  Canada. 

In  Canadian  Katnralist,  new  series,  voL  7, 
1874,  p.  280. 

Liehas  superbus  n.  s. 

Blumenbaoh  (J.  F.)  Abbildungen  ua- 
turhistorischer  Gegenstande.  Gottin- 
gen,  1810. 

The  author  remarks  on  a  species  of  CaXymsn^ 
Uumesibaehii,  which  he  flgnres  on  pi.  50,  that 
*' according  to  all  analogy  it  mnst  haro  been 
without  doubt  the  petrifaction  of  some  speoies 
of  insect  without  wings.*' 

The  specimen  was  f^om  Dndley  limestoDe 
and  afterwards  named  by  Alex.  Broni^niart 
Calymsne  tAwnenbachii, 

Boeok  (C.)  Notitzer  til  Lseren  om  Tri- 
lobiten.  (*) 

In  Nyt  Mag.  Naturvid.,  toL  1,  Christlaniis 
18?7.  p.  11. 

TriiobiUm  tesseni,  T.  spinosus  major^  T, 
tpinosus  minor,  T.  gracilis,  T.  zippei,  T.  hav^ 
manni. 

Noticed  bi  Bnll.  Soi  Nat  (Fdmsaac),  toL 
14,  1828,  p.  45. 
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Boeck  (C.)— Continued. 

Uebersicht  der  bisher  in  Norwegen 

fi^fundenen  Formen  der  Trilobiten-Fa 
milie.  (*) 

Id  Giea  Norwegica  (Eeilhan),  ChrbtiaiiiA, 
1838,ptl,p.l38. 

TrUobiten  eUipt\frons,  T.  eUgam,  T.  Aatet- 
manni.  T.  temilunarU,  T.  punetatus,  T.  iphce- 
ri€H§,  T.  davi/roru,  T.  blumenbaehii,  T.  Jlaeheri, 
T./0rficula,  T.  aeicularis,  T.  lyra,  T.  grandis,  T. 
angusttfrons,  T.  dilatatta,  T,  exparuus,  T,  aev^ 
n%^nahu,  T.  limhoKtu,  T.  itriatiAf,  T.  frorUalU, 
T.  crauieatida,  T.  eentrottu,  T.  (U4Uu»,  T.  alatuM, 
T.  \aXu9,  T.  grantdatut,  T,  rottratus,  T.  mammil' 
latiM,  T.  tearabceoidei. 

Om  Trilobiten. 

In  Sksnd.  KatarC  Forhand.,  vol.  2.  1840,  p. 
289;  Kenes  Jahrbnch  fiir  Mineral.,  1841,  p.  724. 

Boll  (Ernst).  Beitrag  zor  Kenntniss  der 
Trilobiten. 

In  Danker  and  ron  Meyer's  Paleontosraph- 
iom  vol.  1,  Casaell,  1847.  p.  126. 
Antpffx,  BaUut, 

Ueber  die  Arten  der  GaMinng  Bey- 

richia  in  norddentschen  Silarian-Gerol- 
len. 

In  Zeitaohr.  dentsoh.  geoL  GeselL,  Berlin, 
T«L  8. 1866,  p.  321. 4  figs. 

A  oommanication  from  Herr  Boll  to  Herr 
Beyrich. 

Beyriehia  jonui,  B.  ijfin\doaa,  S.  hiant. 

Die  Beyricbien  der  norddeutscben 

silorischen  GeroUe. 

In  Archiv  Vereins  Freunde  Natorg.  Mecklen- 
barg,  1862,  p.  114.  pi.  1. 
Btifriehia. 

Bom    {Ckev,  de).    Litbopbilacion  Bor- 

nianum.    Index  fossillnm  quse  colleget 

in  olass.  ac  ordinis  digeask.    2  volrt. 

PragsB,  1772.  (•) 

In  CniBtaoea,  voL  2,  p.  5.     ' 

Bomemaim  (J.  6.)  Palieontologiscbea 
ans  dem  cambrischen  Gebiete  von  Ca- 
malgrande  in  Sardinien. 

In  Zeitachr.  deutecb.  geol.  G^sell.,  Berlin, 
1883.  p.  270. 

Oienelhu  toppei,  Oonoeoryphe  sp.?  {OUnxu 
ormoftM  Meng.),  IlUentu  meneghini. 

Bradley  (Frank).  Deticription  of  a  new 
Trilobite  from  tbe  Potsdam  sandstone, 
with  a  note  by  £.  Billings,  of  Montreal, 
Canada. 

In  Proc.  Am.  Assoc.  Adv.  Sci.,  I4th  meeting 
1861,  p.  161, 8  woodcnts. 

OonoeephdUte$  minutus. 

See.  also.  Am.  Jonr.  Sol.,  2d  series,  vol.  30, 
1860.  p.  241;  Canadian  Natnralisfc,  vol.  5,  1860. 
p.  420. 


Brady  (M.  P.)  See  Jones  (T.  Rnpert), 
Kirkby  (J.  W.)  and  Brady  (M.  P.). 

Brooohi  Qi.,  P.)  Note  snr  nn  crustac^^ 
fossile  recueilli  dans  les  schistps  d'Au- 
tnn. 

In  Ball.  Soo.  G6oL  France,  3d  seriesi  voL  8, 
No.l.  1880,  p.  3,  pi.  1. 

PalcBoearU,  Oamptonyx,  NectoteUon  n.  g. 

Brodie  (P.  B.)  History  of  fossil  insects 
in  the  Secondary  rocks  of  England. 
London,  1845,  pp.  105-115,  pi.  1,  fig.  11. 
This  aathor  describes  and  flgnres  a  fossil 
ftt>m  Coalbrookdale  resembliog  the  caterpillar 
of  tbe  Emperor  moth,  which  was  afterwards 
described  by  J.  W.  Salter  nnder  the  name  of 
Eutypterxu  {ArthropUura)  ferox, 

Br6gger  (W.  C.)  Fossiler  fra  Oxna  og 
Kletten.  (•) 

In  Geol.  Foreningens  Stockholm  ForhandL, 
vol.  2, 1875, 1  pL 

Paradoxidei,  Liottraeus,  Agnosttu, 

Andrnmkalk  ved  Breidengen  val- 

ders. 

In  Geol.  FSreningens  Stockholm  Fdrbandl., 
vol.  3,  1876,  1  pi. 
Paradoxide*,  lAottracut,   SeUnopUwra,  Ag- 

Om     Trondl^emsfeldtets    midlere 

Afdeling  mellem  Gnldalen.og  Meldalen 
Christiania.  (*) 

In  Vidensk.  Selskab.  ForhandL,  1877,  Ko.  2, 
p.  1,  2  pis. 

DdlmanUet,  TrinueUtu. 

Om  Paradoxides  skifrene  ved  Krek- 

ling.  (•) 

In  Nyt  Mag.  Natnrvid.,  voL  24,  pt.  1,  1878^ 
6  pis. 

Paradoxide*,  (HeneUui^  Dolichoinetopiit,  Lio- 
ttraetu,  Conocoryphe,  Anomooare,  Elyx,  Soleno- 
pleura,  EtUptoeepheUu«i  Arionelliu,  Agno9tu9. 

Die  silurischen  Etagen  2  nnd  3  im 

Kristianiagebiet  nnd  auf  Eker.    Kristi- 
ania,  1882,  12  pis. 

Remopleurides,  Diceloe^pkaUu,  (Henut,  Para- 
bolina,  Peltura,  Oyelognathiu,  O^ratopyge, 
Otenopyge,  Protopleura  (new  snbgenns  to  tbe 
gen  as  PeUttra),  ParabolineOa  (new  snbgenns 
to  the  genas  OlenuM),  Leptoplasttu,  Sphceroph' 
thalmus,  Euryeare,  Bceckia  n.  g.,  Triarthruf, 
Euloma.  Holometoptu,  Harpidst,  Phacopg, 
Liehaa,  Trinudeus,  Ampyx,  Aiaphui,  Mega- 
laepit,  Symphyiurue,  Niobe,  PtycKopyge,  NiU^tu, 
Oheirurue,  lUmnue,  Vyeplanua,  Amphion, 
Oybele,  Agnottut,  Conophryt,  Beyriehia,  Leper- 
ditia,  Itoehilina. 

Paradoxides   6landicu9   niv&et  ved 

Ringsaker,  Norge.  (*) 

In  Geol.  Foreningens  Stockholm.  FSrhandl, 
vol.  6, 1884. 1  pi. 
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Brogger  (W.  C.)— Continaed. 

Om  aldern  af  Olenellaszooea  i  Noid- 

amerika. 
In  Oeol.  Fdreningens  Stookholm  Forhandi, 

ToL  8, 1886,  p.  182. 

Ueber  die  Ansbildnng  dea  Hypoato- 

mes  bei  einigen  skaDdinaviachen  Aaa- 
phiden. 

In  OlVenigt  Kongl.  Srenska  Yet. -Acad. 
Handl..  toI.  11,  1886,  3  pis. 

Aiapbut,  Jioteltu,  Ptyehopyge,  MegaUupU, 
MtgalMpides  n.  g.,  Niobe^  AtaphMtu,  Ogygia^ 
NiUu$t  8i/mphy»urus. 

Bromell  (M.)    Litbograpbia  Snecaoa. 

In  Acta  Literaria  Saeciffi.  vol.  2.  UpaaluB, 
1725,  p.  63. 

Tbis  work  waa  continued  in  several  parts 
throogh  this  volume,  but  it  is  only  at  p.  493, 
in  the  section  called  "Do  lapidibus  insectiferis 
Scauices  et  Gothicis,"  that  the  Trilobites  are 
treated.  We  have  there  the  Oleni  of  the  alum 
slate  and  Agnottiu  pu\formU. 

A  separate  ed.tion  of  the  work  was  printed 
at  Stockholm  and  Leipzig,  in  1740,  bearing  the 
same  title  aa  the  original  work. 
Brongniart  (Alex.)  Histoire  naturelle 
dea  CruBtac<58  foesilea  soas  lea  rapports 
zootogiqae  et  g6ologiqae,  aayoir  les 
Trilobites.  Les.  Crnatac^  propremeDt 
dits  par  A.-G.  Desmarest.  11  pis. 
Paris,  1822. 

This  author  was  the  first  systematic  writer 
upon  the  Trilobites.  He  arranges  twenty- two 
species  under  five  new  generic  names,  an  fol> 
lows:  First  genns,  Calymme,  iipecies  I.  C.de 
Blumenbaek,  2.  C.de  Triitan,  3.  C. t  variolaire, 
4.  O.  f  macrophUUme.  Second  genus,  AtaphuM, 
species  1.  A,f  comigire,  2.  A,  (U  Debxteh,  4. 
A.  eaudigh'e,  5.  A.  large  queue.  Third  genus, 
Ogygia,  species  \.  O.  de  (huUard,  2.  O.  de 
Desmarest.  Fourth  genus,  Paradoxtdes,  spe- 
cies 1.  P.  de  Tegsin,  2.  P.  epinuleu^,  3.  P.  scara- 
hmde^  4.  P.  f  gibbeux,  5.  P.  lacinie.  Bsp^ces  de 
genre  Incenain :  Trilobite  granuU,  T.  ponetuS, 
T.  buc^kaU,  T.  tentacuU.  Fifth  genus,  Ag- 
nostus,  species  1.  A.  pisi/orme. 

—  and  DesmareBt  (A.-G.)  Histoire 
natorelle  des  Trilobites  et  des  Crastac^ 
fossiles. 

In  Jour.  Mines,  vol.  9, 1822,  p.  273. 
Bronn  (Heioriob).    Ueber  zwei  nene  Tri- 
lobiten-Ai*ten. 

In  Zeitschr.  fdr  MineraL,  voL  1,  pt  1, 1825,  p. 
817,  pi.  2. 

Oalymene  lati^rons,  0.  seMotheimi. 

—  QeogDOstische  zoologisobe  Unter- 
suchuDgen  in  den  russiscb-baltischen 
Provinzen  von  Herm  Dr.  Edaard  Eicb- 
wald. 

In  Zeitsohr.  fGoc  Mineral.,  vol.  for  1828,  pt  1, 
p.  104. 


Bronn  ( H.  G . )  Letbsea  geognostioa,  oder 
Abbildangen  and  Bescbreibangen  der 
fUr  die  Gebirgs-Formationen  bezeicb- 
nendsten  Versteinerangen.  Stuttgartt 
1835-'3d. 

2  Tola.,  and  atlaa  with  47  pis. 

and  Roemer  (F.)    H.  G.  Bronn's 

Letbiea  geognostioa,  oder  Abbildangen 
and  Bescbreibangen  der  filr  die  Gebirgs- 
Formationen  b^zeicbnendsten  Verstei- 
nernngen.    3d  ed.    Stattgart^  1651-'56. 

3  vols,  and  atlas,  124  pis. ;  roL  1,  p.  525. 
Harpes,  Harpides,  Rsmopleurides,  Paradox- 

det.  Hydrocephalus,  Sav,  Arion^us,  EUipm>- 
eepha^us,  OUnus^  CfonocephalUes,  Froetus,  CV> 
phaspis,  PhilUpsia,  Arethusina,  Phaecps,  Dal- 
mania,  Oryphetus.  CkUymene,  Bomalonol'ut, 
Liehcu,  Trinueleus,  Ampyx,  Diomde,  Asapkuf, 
Ogygia,  jEglina,  IlUanvs,  Aeidaspis,  Ceraurtu, 
Placoparia,  Sphcerexoehus,  Staurocepkalus,  Dei- 
pkon,  Dindymene,  Zetheis.  Amphi4m,  Eiunrinu- 
rue,  Oromus,  Bronteus^  Telephus,  Agnostus.  Eu- 
rypterus,  Himantopterus;  Pterygotus.  LimuluM^ 
Qampsimychus,  Cythere,  Bairdia,  Cypridina, 
CypreUa,  Entomoconckus,  Beyriekia,  Dithyro- 
caris,  Ceratiocaris. 

Note  iiber  die  mit  Etomalonotoa  ver- 

wandten  Trilobitengenera. 

In  Neuee  Jahrbuch  fiir  Mineral.,  1840,  p.445|, 
pi.  8,  figs.  1  a,  b. 

Index  palseontologicns,  oder  Ueber- 

sicbt  der  bis  jetzt  bekannten  fossilen 
Organisnien,  nnter  Mitwirknng  der 
HH.  H.  R.  G5ppert  and  Herm.  yon 
Meyer  bearbeitet  von  Dr.  H.  G.  Bronn, 
Nomenclator  palseontologicns  in  alpba- 
betiscber  Ordnnng.  Stuttgart,  1848, 
3  Yols. 

Ueber  Oampsonyx  fimbricaiu9  Jordon 

aas   der   Steinkoblen  -  Formation  Ton 
Saarbriicken  nnd  vom  Mnrg-Tbal. 
In  Nenes  Jahrbuch  fUr  Mineral.,  1850,  p.  676. 

BriJokmann  (F.  £.)  Epistolarnm  itine- 
rariarum  centuria.  Wolfenbiittelaa,  3 
vols. 

In  Epist.  28,  pi.  S,  figs.  1-7. 1782,  and  Epiat  64, 
pi.  3,  fig.  5, 1737. 

This  author  compares  the  fossil  Crostaoea 
with  the  MoUusca  and  calls  them  Armata 
veneris. 
Bmnnich  ( M.  T. )  Beskrivelse  over  Trilo* 
biten,en  Dyrestagt  og  dens  Arter,  med. 
en  ny  Aftegning. 

In  Nye  Samling  of  detKongelige  Danske  Vi, 
denskabers  Selskabs  .Bkriften,  Kidbenham- 
1781,  p.  884  1  pi. 

This  author  describes  TrUobus  {(kiymena) 
Uibereulatus,  TrUobus  yDaltnanUes)  eamdatuM 
(figures  of  head  and  pygidiam),  TrUobus  <«la* 
tatuSi  TrUobus  {Br^cfinwrus)  puneMtwu 
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Buch  (Leopola  vod).  Beitrage  zur  Be- 
htiminnDg  der  Gebirgs-Formationen  in 
RnsHland. 

Ill  Archiv  mineral.  Geogn.,  etc.,  vol.  15,  Bar- 
lin,  1841.P.1.PL2. 

Phacopt,  Oalifmens,  Ataphtu,  IUmnu$. 

Bnckland  (William).  Geology  and 
mineralogy  considered  with  leference 
to  natural  theology.  Bridgewater  trea- 
tise. 2  vols.  London,  1837,  87  ph. 
[4th  ed.,  London,  1H69,  2  vols.,  90  pis.] 

Translated  into  Gorman  by  L.  Agassis. 

Paradoxidet,  PhiUipHa,  Phacops,  Calymene, 
AmphuM,  Ogygia,  Enerinuntt,  Limulut  {BeH- 
nftrus)  trUobiUndst. 

Burmeister  (H  )  Die  Organisation  der 
Trilobiten,  etc.    Berlin,  1843,  6  pis. 

Th*  Engliah  translation  is  entitled:  '•The 
OTgaaiaation  of  TrUobltes  dedaoed  from  their 
liTing  afflnitiee,  with  a  systematic  review  of  the 
■peoies  hitherto  described,  by  Hermann  Bar- 
meister,  edited  from  the  German  by  Prof* 
Thomaa  BeU,  F.  R.  S..  and  Prof.  E.  P.  Forbes, 
F.K.S."  London,  Ray  Society,  1846  There  is 
a  supplementary  appendix  by  the  editors. 

Barmeister  olassifies  63  species  under  23 
genera  arranged  in  the  foUowing  order : 

Surypteru$,  Ogtherina,  Trinueleut,  Ogygia, 
Odontopleura,  Arget,  Jirtmieut,  Paradoxidet, 
Oientu,  Conocephaltu,  BUiptoeepkalu*.  Harpes] 
Calymem,  Eomalonotu*,  Phacopt,  Oyphoipis 
B.  g.,  Proetut,  jEonia  n.  g.,  Arelugonut  n.  g., 
Wamu,  Dytplanvt  n.  g.,  Asaphus,  Ampyz. 

The  enpplementao'  appendix  by  Thomas 
BeU  and  E.  F.  Forbee  contains  an  alphabetical 
list  of  British  Trilobites,  also  a  copy  of  McCoy's 
generic  descripUon  of  the  following  genera: 
Tireaia,  Forbesta,  Portloekia,  Tnnodus  (S^Tiop- 
alaSUurian  Fossils  Ireland.  1846);  the  generic 
descpiptiona  of  OhHrurui,  SphctiZoehus, 
2jU:ha$,  Troekurut  (Beyrich,  Ueber  einige  bfih- 
nisehe  Trilobiten,  1845),  and  a  list  of  the  genera 
and  species  described  by  Barrande  (Notice  pr6. 
ilminaire  snr  le  systems  silorlen  et  les  Trilo-' 
hitet  de  Boh6me,  1846). 

and  Alton  (Ed.   de).     Neue  Beo- 

bachtungen  Uber  die  Organisation  der 
Trilobiten.  /.x 

In  Zeitung  fftr  Zoologle;  Zootomie  nnd  Palroo- 
soologie.  Alton  nnd  Burmeister,  Leipzig,  vol 
1. 1848.  p.  67.  pL  1,  figs.  18-19. 

Callaway  (Charles).    On  a  new  area  of 
Upper  Cambrian  rocks  in  South  Shrop- 
shire,  withadescriptionof  anewfauna. 
In  Qaart.  Jour.  GeoL  Soc.  London,  vol.  83 
W77,  p.  652,  plate.  ' 

Ofenii*.  C<mocoryphe,  Ataphus,  AtapheUw 
(new  aubgenus).  PUitypdUt  (new  subgenus), 
I^Uhapyge  n.  g.,  Agnottut,  Oonophrya  n.  g. 

Castelnau  (Laport  de).    Communique  k 
TAead^mie  des  sciences  de  Paris  la  d^- 


CaateUiau  (Laport  de)— Continued, 
couverte  des  pieds  des  Trilobites  qu'il 
aurait  vus  dans  I'int^rieur  d'un  exem- 
plaire  enroul^  de  PAm^rique  du  Nord. 

In  Inst.  France,  1842,  p.  74 ;  Neues  Jahrbuoh 
far  Mineral.,  1843,  p.  604;  Comptes  Rendus, 
ToL  14,  1842,  p.  844. 

CkUymene. 

Essai   snr   le   syst^me  sllnrien  de 

rAm^riqueSeptentrionale.    Parrs,  1843, 
27  pis. 

A$aphu9  mierurut,  A.  Kmulurui,  A.  eordieri, 
A.  eaudatut,  A.  edwardii,  A.  murchiwni.  Ho- 
malonotug  giganteui,  H.  hereuianeua,  H.atlat, 
Arctinunu  n.  g.,  A.  boUoni,  Calymme  bx^o, 
OdontocephcUut,  Aeantholoma,  Aipidolitet,  Dit- 
tranunu, 

Champemowne  (A.)    Note  on  a  find  of. 
HofivalonotuH  in  Red  Beds  at  Torquay. 

In  Geol.  Mag.,  new  series,  decade  2,  vol.  8. 
1881,  p.  487. 

Chapman  (E.  J.)    Aaaphus  canadensis. 
In  Canadian  Jour.,  new  series,  vol.  1,  1856, 
p.  482. 

A  review  of  the  Trilobites,  their 

characters  and  classification. 

In  Canadian  Jour ,  new  series,  vol.  1, 1858,  p. 
271,  wo()d>onts. 

Trinuoleus  concenirictia. 

In  Canadian  Jour.,  new  series,  vol.  8, 1858, 
p.  414,  wood-cut 

On  some  new  Trilobites  from  Cana- 
dian rocks. 

In  Annals  Mag,  Nat  Hist,  3d  series,  vol.  2, 
1858,  p.  9.  2  figs. 
Ataphxu  canadenHt,  A.  haUi. 
On  some  new  Trilobites  from  Cana- 
dian rocks. 

In  Canadian  Jour.,  new  series,  vol.  3, 1858,  p. 
230,  2  wood-cuts. 
Agaphus  canademia,  A.  haUi, 

On  the  hypostuma  of  Aaaphus  cava' 

densis  and  on  a  third  new  species  of 
Asaphus  from  the  Canadian  rocks. 

In  Canadian  Jour.,  new  series.  voL  4, 1859, 
p.  1,  2  figs. 

A$aphus  eanadentit,  A.  hineksii, 
On  the  probable  nature  of  the  sup- 
posed fossil  tracks  known  as  Protioh' 
nites,  etc. 

In  Canadian  Jour.,  new  series,  vol.  16,  1877 
p.  7. 
Clarke  (J.  M.)    New  Phyllopod  Crusta- 
ceans from  the  Devonian  of  western 
New  York. 

In  Am.  Jour.  Sci.,  3d  series,  vol.  23,  1882,  p. 
476,  plate. 
Sitheria^  8p<Uhiocari9n.z.,  ^goearitn,  g. 
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Clarke  (J.  M.)~Contiuued. 

Cirriped  Crustacean  from  the  De- 
vonian. 

lu  Am .  Joar.  Soi.,  3d  series,  toL  24, 1882.  p.  56. 
PlumuUUi  devonicus. 

New  discoveries  in  Devonian  Crus- 
tacea. 

In  Am.  Jour.  Sci.,  8d  series,  toI.  25, 1883,  p. 
120. 
Dipteroearit  n.  g. 

Ueber     deutsche     oberdevonische 

Crnstaceen  (hierzn)  Tafel  4. 

In  Neues  Jabrbuoh  fUr  Mineral.,  1884,  pt.  1. 
,      p.  178. 

Spatkioearis,  Entomit^  DUhyroearU. 
-I —  On  the  higher  Devonian  fanna  of 
Ontario  County,  New  York. 

In  Bull.  U.  S.  GeoL  Surrey,  No.  16, 1885, 8  pla. 
OeratioearU,  Beyriekia^  Echinocarit,  Spathio- 
earis. 

— —  The  structure  and  development  of 
the  visnal  area  in  the  Trilobite  Pkacopa 
ratta  Green. 

In  Jonr.  Morphology,  vol  2,  No.  2,  Nov.,  1888, 
Boston,  p.  253,  pi.  21. 

Clarke  (W.  B.)  On  the  occurrence  of 
Trilobites  in  New  South  Wales. 

In  Quart.  Jour.  GeoL  Soo.  London,  vol.  4, 1848, 
p.  63  (not  descriptive). 

Claypole  (E.  W.)  Note  on  a  large  Crus- 
tacean from  the  CatskiU  group  of 
Pennsylvania. 

In  Proc.  Am.  Philos.  Soo.,  Phila.,  vol.  21, 1883, 
p.  236,  plate. 

Doliehoeephala  n.  g. 

'^—  On  the  occurrence  of  the  genns  DaU 
manitei  in  the  Lower  Carboniferous 
rocks  of  Ohio. 

In  Geol.  Mag.,  decade  3,  vol.  1,  London,  1884, 
p.  303. 

DcUmanitetf  euyahogcB. 

Conrad  (T.  A. )  Report  on  the  Palceon to- 
logical  Department. 

In  Kept  Geol.  Survey  New  York,  1838,  p.  107. 
Platynotus  n.  g. 

On  the  Silurian  system ;  with  a  table 

of  the  strata  and  characteristic  fossils. 
In  Am.  Jour.  ScL,  1st  series, vol  38, 1840,  p.  86. 

Third  Annual  Report  on  the  Palse- 

ontological  Department  of  the  Survey. 

In  Kept.  Geol.  Survey  New  York,  1840,  p.  190. 

OdorUoeephaltu  n.  g.,  AeanthcUoma  n.    g., 

OdontncephaluM     telenuru*,     Aaaphut     haUi^ 

AeidatpU  tuberculatut. 

De.scription  of  new  genera  and  spe- 
cies of  organic  remains.    Crustacea. 

In  Rept  GeoL  Survey  New  York,  1841,  p.  48^ 
Ipl. 


Conrad  (T.  A.)— Continued, 

Atpidolitea  n.  g.,  Dicranuru*  n.  g.,  A$aphu9f 
aeanthoUuruM,  A.f  dtnticukUtu^.  A,  natutus, 
A.  cupectans,  CtUym^ne  senaria. 

The  plate  accompanying  this  report  was 
distributed  with  a  few  copies.  Republished  in 
the  15th  Bept.  New  York  State  Cab.  Nat.  Hist., 
pllL 

Cytherinaalta, 

In  GeoL  Survey  New  York,  pt.  3,  comprising 
the  survey  of  the  8d  GeoL  Dist.  (Yanuzem), 
1842,  p.  112,  ag.  23,  No.  6. 

Observations  on  the  Silurian  and 

Devonian  systems  of  the  United  States, 
with  descriptions  of  new  organic  re- 
mains. 

In  Jour.  Acad.  Nat  Soi.,  Phila.,  vol.  8, 1842,  p. 
228,  6  pla. 

Ataphuacoryeceui,  A.  t  trentonentu,  Caiymmie 
apinifera,  C.  eamerata,  DipUura. 

Observations   on  the   lead-bearing 

limestone  of  Wisconsin,  jind  descrip- 
tions of  a  new  genus  of  Trilobites  and 
fifteen  new  Silurian  fossils. 

In  Proc  Acad.  Nat.  Soi.  Phila.,  vol.  1, 1843,  p. 
320. 

Thaleopt  n.  g. 

Corda  (A.  J.  C.)  and  Hawle  (Ignaz). 
Prodrom  einer  Monographic  der  bohml- 
schen  Trilobiteu. 

In  Abhandi.  bdhm.  GeselL  Wiss.,  Prag,  vol  5, 
1847,  pp.  12^-202, 7  pis. 

This  work  is  generally  attributed  to  A.  .T.  C 
Corda.  The  58  new  genera  described  In  this 
work  are  arranged  by  Joachim  Barrande,  8y8« 
t^me  silurien  dn  centre  de  la  Bohdme,  voL  1, 
p.  88,  as  follows : 

I.  Division.    Telbjurides. 

'2;pSaSrh^^™^'^*^"'^'^-  ^ 

3.  Crithiaa 

4.  Tetracnemis 

5.  Gonlacanthus 

6.  Enoeaoneniis 

7.  Acanthocnemis 

8.  Acanthogramma 

9.  Bndo  gramma 

10.  Micropyge 

11.  Selenosema 

12.  Staurogmus 

13.Her«,       ^  j.ri„„,ua.  Barr. 

14.  Agraulos) 

15.  CoDocoryphe     1 

16.  Ptychoparia      V  »  Conocephalus  Zenk. 

17.  Ctenocephalu6  J 

18.  Selenopelti8=Acida8pisMurch. 

19.  Polytomurus  =  Dionide  Barr. 

20.  Tetrapeellium  —  Trinuoleus  Lhwyd. 

21.  Phalacroma  =  Agnostns  (in  part)  Brong. 

22.  Selenoptychns  =  iEglina  Barr. 

23.  Mesospheniscus  =  Agnostns  integer  Beyr. 

24.  I>iplorrhina=AgnoBtas  integer. 


=  Sao  Barr. 
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Corda  (A.  J.  C.)  and  Hawle  (IgDaz)— 
Continaed. 

L  DrvTSiOK.    Telejurides— Cont'd. 
K.  Condylopyge,      ^     ^^^^^3^ 
96.  Lcijopjge        > 
17.  Mloroparia=£KliDaBarr. 
28.  Pl««i«ooinia = HIsbhhs  Dalm. 
20.  Cyclopyges:  JSglina  <in  part)  Barr. 
80.  Aloeste=  Dlienns  (in  part)  Dalm. 
31    Xipbogoniam  =  Proetos  Stein. 

32.  ConoparU=CyphaspLa  Barm. 

33.  G<niioplenra=Proeta8elegantnliis  Ang. 

34.  Aiilacopleara=Arethu8iiiaBarr. 

35.  Pharostoma=Ca1ynieDeBroog. 

(This  generic  term  was  used  in  1834  for  agenoa 
of  the  Goleoptera). 

n.  Division.    Odonturides. 

88.  Ampbytrion  =  B6moplearide8  Portlook.  * 

89.  Arthrorhachi8  =  Agnostua  tardus  Barr. 

40.  Peronopaia  =  Agnoatna  integer  Beyr. 

41.  Battns  =  Agnotttaa  integer. 

42.  Pleurocteninni  =  Agoostna  granalatoa  Barr. 

43.  Thyaanopeltia  =  Brontens  (in  part)  Gold. 

44.  Dind^menesDindymene  Corda. 

^.    «_.  1*1       ?  Proetna  (In  part)  Stein. 

48b  Odontopyge  =  OIenasBpinaloaaa. 

49.  Placoparia=Placoparia  Corda. 

50.  Ecooptoohile=:CheimniaBeyr. 

51.  Aetinopeltia=CheiraraaBeyr. 
58.  Tzoohama  =  StaiirooeplialaaBarr. 
83.  Corydooepbalaa  ) 
54.  Pieranopeltia      (_ 

66.  Aeanthopyge      | 
56.  Dioranogmoa      J 

67.  Trapelocera=Aoidaapi8  March. 

68.  CeratopygesOlenoaforfieDlaSara. 

Coszeii8(l8Baohar).  Description  of  three 
new  foRsils  from  the  Falls  of  the  Ohio. 

In  Annala  Lyoeam  Kat.  Hist.  Kew  York, 
xoL4. 1846.  p.  167,1  pi. 

PiiioKtes  n.  g. 

The  author  therein  describes  a  apeciea  of 
JVoetttf  under  the  name  of  PiliolUes  ohioensU. 
Da  CoBta  (£.  M.)    A  letter  concerning 
the  fossil  from  Dudley. 

In  Philoa.  Trans.  Royal  Soe.,  voL  48,  pt.  1,  No. 
42,  1753,  p.  286.  pL  1,  figs.  &^ 

Dr.  Da  C^oqla, herein  gives  the  name  of  Pedi- 
evlus  marimtU  major  trUobus  to  the  tben  called 
Dudley  fossils  {Oalymen€  Humenhathii),  and 
declares  it  to  be  a  orustaceous  animal  nearly 
ftfated  to  the  living  Itopodes. 

Description  of  a  carious  fossil  ani- 
mal. 

In  Qentleman's  Mag.,  voL  25.  London,  1754,  p. 
24,pL— ,  flg.3. 
'    Oa^fmmieblwnmbaehU. 


rLiobasDalm. 


Dalman  (J.  W. )  N&gra  petrificater  f undne 
i  Ostergotlands  ofv^ergangskalk  after- 
knade  och  beskrifne. 

In  Svenska  Vetensk.  Akad.  HandL,  1824,  p. 
368,  pi.  4. 

Entomostr.  <ictinurut, 

Om  Palieaderna  eller  de  sa  kallade 

Trilobit«ma.    Stockholm,  1826, 6  pis. 

Svenaka  Tetensk.  Akad.  Handl.,  1826.  p.  226. 

The  German  translation  bears  the  following 
title:  Ueber  die  Palsaden,  oder  die  aogenann* 
ten  Trilobiten  von  J.  D.  Dalman,  von  Friedrioh 
Engelhart,  mit  6  Kapfertafeln,  NtLmberg.  1828. 

Dalmau  arranges  41  6i>eoies  of  Trilobitee 
under  6  genera  and  4  subgenera,  aa  follows: 

Diviaion  I.  Oculated:  1st  genus,  OUymene; 
2d  genus,  Ataphui. 

Division  IL  Typhlini:  3d  genus,  Ogygia;  4th 
genus,  OUnuM  (Paradoxide*  Br.).  Section  2. 
Battoides :  6th  genus, Battut  (Agnottus  Br.). 

Subgenera:  1.  Ataphw  (Xileui) ;  2.  Ataphus 
(lUamtu) ;  3.  Aidphtui  (Ampyx) ;  4.  Licfiat  n.  g. 

Arsberattelse  om  nyare  zoologiska 

arbeten  och  npptackter. 

This  work  forms  a  part  of  the  annual  report 
of  the  keepers  of  the  Swedish  State  Museum 
for  1828.  It  contains  (p.  134),  under  the  title  of 
"Nya  Sveuftka  PaUeades"  a  deacription  of  the 
following  Trllobitea :  Oalymene  omata,  O.  ver- 
rueota,  C.  olavifrom,  O.f  centrina,  Agapktis 
hero9,  A.  platj/notus,  NUeus  qlomerinu»,  Ampyx 
pachyrrhinut,  BaUut  kevigatut,  B.  pitiformU, 

Nouvelles  esp^ces  de  Trilobites  6u 

Palteades  de  SuMe. 

In  BulL  F^russac.  vol.  19, 1828,  p.  129. 
A  notice  of  the  preceding  reference. 

Dames  ( W.)  Ueber  Hoplolichas  nnd  Cono- 
UchaSf  zwei  Untergattungen  von  Lichw. 

In  Zeitschr.  Deutscb.  geol.  Gesell.,  Berlin, 
1877,  voL  29,  pt  I,  p.  793, 3  pla. 

The  type  used  for  the  new  genua  HoploUckat 
is  Licha*  tncutpidatus  Boll,  and  for  ConoUchat, 
Lieluu  cnquiloba  Steinh. 

Qeologische  Reisenotizen  aus  Schwe- 

den. 

In  Zeitschr.  Deutsch.  geol.  GeaelL,  Berlin, 
1881,  vol.  33,  p.  405. 

Paradoxidea  cOandieut,  P.  tesHni,  P.  foreh- 
hammeri,  P.  kjerulji,  EUiptoeephalut,  lAchoi, 
Megaianpis,  Ataphus  /,  Agnotttu. 

Erste    Abhandlung.      Cambrische 

Trilobiten  von  Liau  Tung,  China 
(Eichthofen).  Vol.  4.  Berliu.  1883, 
pis.  1,2. 

The  author  snggeats  the  new  generic  term 
Dorypyge  for  certain  Trilobites  which  have  the 
pygidinm  armed  with  strong  spines,  the  penal* 
timate  pair  being  the  longest,  inclading  in  the 
genus  JHkelocfphalu9  qtutdricept  Hall  and  Whit- 
field and  D.  gothicut  Hall  and  Whitfield. 
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Dames  (W.)— Continued. 

ITiider  Anoinoears  Angelln  he  incladea  the 
foUowlDg  Americafl  species:  ConoeephaliU* 
kamuhts  Owen,  €.  vnieonHneTnU  Owen,  and 
C.  pattertoni  Hftll. 

Oonocephalites  frequent,  O.  quadrietpi,  0.  ty- 
pns,  O.  nAquadratus,  Anomoeare  laUUmbatum, 
A.  vtintf,  A.  planum,  A.  nanum,  A.  majus,  A. 
tubeottatwn,  Liostracus  talingentii,  L.  tnegalu- 
no,  Dorypygt  n.  g.,  D.  riclUko/eni,  Agnottw 
ehinen. 

£.  W.  Claypole :  On  the  occarrence 

of  the  genas  Dalmanites  in  the  Lower 
Carboniferous  rooks  of  Ohio.  Qeol. 
Mag.  London,  1884. 

In  Nenes  Jahrbuch  fQr  MinermL,  1886k  vol. 
1,  p.  102  (abstract). 

Dalmanitet,  PhiaipHa,  ProetuM. 

^—  C.  D.  Walcott:  Appendages  of  the 
Trilobitefc.    Science,  vol.  3. 1884,  p.  279. 
In  Kenes  Jahrbuch  f&r  IfineraL,  voL  1,  p. 
103  (abstract). 
Ataphut,  CalymeTM,  Oeraurut, 

T.  R.  Jones  and  J.  W.  Kirkby:  On 

some  Carboniferous  Entomostraoafrom 
Nova  Scotia.    Geol.  Mag.  London,  1884. 

InNeoes  Jahrbaoh  fOr  HinenU.,  vol.  1,  J8S5, 
p.  106  (abstract). 

Leperditia,  Beyriehia. 

T.   R.  Jones  and    H.  Woodward : 

Notes  on  Phyllopdiform  Crustacea,  re- 
ferable to  the  genus  Eehinooaria  from 
the  Palifiossoic  rocks.  Geol.  Mag.  Lon- 
don, 1884. 

In  Nenes  Jahrbnoh  f&r  Mineral.,  vol.  1, 1884, 
p.  110  (abstract). 

Chas.  £.  Beecher:    Ceratiocarldie 

from  the  Chemung  and  Waverly  group 
of  Warren  County.  Second  Geol.  Sur- 
vey, Penn.    Rept.  PPP. 

In  Nenes  Jabrbuch  fOr  Mineral.,  toL  1, 1884, 
p.  110  (abstract). 
J.  Mickleborough :  Locomotory  ap- 
pendages of  Trilobites.     Geol.   Mag. 
London,  1M84. 

In  Nenes  Jahrbnoh  fUr  Mhieral.,  1885,  p.  477. 

F.  Schmidt  and  T.  R.  Jones:   On 

some  Silurian  Leperditia,  Annals  Nat. 
Hist.,  series  5,  vol.  9,  1882,  p.  16a 

In  Nones  Jahrbnch  fflr  Mineral.,  1885,  vd.  h 
p.  105  (abstiact). 
Dana  (James  D. )    Trilobites  in  the  Pots- 
dam sandstone. 

In  Edinburgh  New  PhUos.  Jour.,  vol  (t,  1857, 

On  the  supposed  legs  of  Trilobites 

( JeaphuB  platycephalus). 

In  Annals  Nat  Hist,  4th  seriee,  toL  7,  Lon* 
don,  1871,  p.  866;  Am.  Jonr.  So.,  Sdseiies.  vol. 
1,1871,  p.  820. 


Dana  (James  D.)— Continued. 

Manual  of  geology,  treating  of  the 

principles  of  the  science  with  speoial 
reference  to  American  geological  his- 
tory.   2ded.    New  York,  1874,  p.  174. 

D'Archiao  (A.)  and  Vemetdl  (£.  de). 
On  the  fossils  of  the  older  deposits  in  the 
Rhenish  Provinces,  preceded  by  a  gene- 
ral survey  of  the  fauna  of  the  Palaeozoic 
rocks,  and  followed  by  a  tabulated  list 
of  the  fossils  of  the  Devonian  system  of 
Europe. 

In  BnlL  Soo.  G6ol.  France,  vol.  13,  1841-*42; 
Trans.  Geol.  Soc  Lond.,  vol.  6,  pt  2, 1842,  p.  303. 

,    Fischer  (de  Waldheim  G.)    and 

Vexneuil  (E.  de).  Pal^ntologie  de 
TAsie  Mineqre.  Paris,  1866,  atlas,  21 
pis.  (•) 

Dawson  (J.  W.)  On  the  Lower  Coal 
Measures  as  developed  in  British 
America. 

In  Qnart.  Jonr.  Oeol.  Soc.  London,  vol.  15, 
1850,  p.  62. 
Tracks  of  a  CmsUoean. 

Note  on  the  fossils  of  Nova  Scotia. 

In  Canadian  Naturalist,  vol.  5.  I860,  p.  297 
(wrongly  paged  187  in  the  volume). 
HomalonoUu  dawtoni  Hall. 

On  the  foot  prints  of  Limulus  as  com- 
pared with  the  Protiehnitti  ol  the  Pots- 
dam sandstone. 

In  Canadian  Naturalist,  vol.  7.  1862,  p.  271 
Am.  Jonr.  SoL,  2d  aeries,  vol.  84, 1862,  p.  416. 

Acadian  geology.     The  geological 

structure,  organic  remains,  and  mineral 
resources  of  Nova  6cotia,  New  Bruns- 
wick, and  Prince  Edward  Island,  etc. 
London. 

Three  editions,  18SS-'78  (3d  ed.  contains  the 
supplement  to  the  2d  ed.). 

Pctradoxidet,  Oonoeephalitet,  PhiUiptia,  Dal- 
manitei,  Agnottus,  Mierodiieut. 

Mr.  C.  F.  HarU's  descriptions  of  the  trilo- 
bites first  appeared  in  the  third  edition  of  this 
work.  The  original  MSS.  described  Miero- 
dUcui  davf9oni  under  the  new  generic  name  of 
Dawtonia,  but  on  Prof.  E.  BiUinj^sV  authority 
the  author  has  referred  it  to  Microditcu»  daw- 
toni, 

Eurypterut,  Ettheria,  Leaia,  Beyriehia,  Le- 
perditia, Oythere,  Diploetylue, 

Supplement   to  the  2d  edition  of 

Acadian  geology.  Containing  addi- 
tional facts  as  to  the  geological  struct- 
ure, fossil  remains,  and  mineral  re- 
sources of  Nova  Scotia,  New  Brunswick, 
and  Prince  Edward  Island.    London, 

187a 
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DawBon  (J.  W.)— Con  tinned. 

ffommlono^u  dawtani,   ProHchnitet   ewrbo- 
nmrius,  Antkraeopalamum  {Palceocarlnt*)  hil- 
Uanum, 
*—  Note  on  two  Palieozoic  Crnstaceans 
from  Nova  Scotia. 

In  Geol.  Hag.,  deeiule  2,  Vol.  4,  London,  1877. 
p.  56.  (See,  alio,  Supplement  Aoftdian  Geol., 
1878,  p.  56^  fig.  10.) 

AtUhraeopdUtmon  (Pdktoearabui)  hiOiawum, 
Homalonotvs  dawtom. 

Day  (F.  H. )  Ou  the  fanna  of  the  Niagara 
and  Upper  Silurian  rocks  aa  exhibited 
in  Milwaukee  County,  Wisconsin,  and 
in  counties  contignons  thereto. 

In  Trane.  Wisoonsln  Aoad.  So.,  vol.  4, 1878- 
•77,  p.  113. 

Dekay  (J.  £. )  Observations  on  the  stmc- 
tore  of  Trilobites,  and  description  of  an 
apparently  new  genus;  with  notes  on 
the  geolcfgy  of  Trenton  Falls,  by  James 
Renwick.    Read  Nov.  22  (1824). 

In  Annals  Lyceum  Kat  Hist,  New  York,  toI. 
1,  1824.  p.  174,  2  pU.;  kis  (Oder  Encyol.  Zeit- 
nnx),  OkoD.  1826  and  1832. 

Itotslus  n.  g. 
'^—  Observations  on  a  fossil  crustaceous 
animal    of   the    order    Brauohiopoda. 
Read  Dec.  12,  1825. 

In  Annals  Lycenm  Nat.  ffist..  New  York,  voL 
1,  pL  2,  p.  375,  pi.  89.  Hepablished  in  Harlan's 
Hed  Phys.  Researches,  1885,  p.  297. 

Eurypterut  n.  g. 

^—  Report  on  several  fossil  ronltiloonlar 
shells  from  the  State  of  Delaware;  with 
observations  on  a  second  specimen  of 
the  new  fossil  genus  Eorypterus.  Read 
Oct.  2, 1827. 

In  Annals  Lycenm  Nat.  Hist,  New  York, 
voL2,  1828,  p.  273. 

Dealongchampa  (E.)  M^moire  snr  les 
corps  organist  fossilee  du  gr^  inter- 
m^iaire  du  Calvados. 

In  Soo.  Linn.  Calvados,  vol.  2, 1825,  p.  291,  2 
pis. 

The  anthor  herein  describes  two  species  of  the 
gentM  Homahnotut  nnder  the  names  Aiaphut 
bronf/niarH  and  A.  brevieaudattu. 

Detbleff  (von)  and  Boll  (Ernst).  Die 
Trilobiten  Mecklenburgs. 

In  Arcbiv  Yereins  Frennde  Natnrg.  Meoklen* 
bunr.  1858.  p.  155. 

RfTMpleuridei,  Par<idaxide$,  EUiptoeephalut, 
OUnui,  O.  (SphcerophthalmuM),  ProttuM,  Cyphat- 
fit.  Harjfidtt.  Phaeopt,  CkUym^ne,  Homdlono- 
tut,  Liehat.  Trinueleu*.  J  mpyz,  Ataphus,  Ogy- 
gia,  Ilkgnut.  NiUut,  Aeidtupis,  Cheirurus, 
gplugrtxochus,  Spharoeoryphe.  Ampkion,  Bn- 
erinwrttt,  Brontexa,  Telephus,  Holom«topu$,  Do- 
UAometoput,  Aiffwttut. 


Devine  (T. )  Description  of  a  new  Trilo- 
bite  from  the  Quebec  group. 

In  Canadian  Ns^^aralist.  vol.  8, 1863,  p.  95^  2 
figs. 

LoganeUxts  n.  g. 

Similar  forms  have  been  referred  by  Cordato 
the  genus  Piychoparia. 

Description  of  a  new  Trilobite  from 

the  Quebec  group. 

In  Canadian  Nataralist,  toL  8. 1863,  p.  210.  fig. 
Menoeephalu9  talteri. 

Dewalqae  (0.)  Prodrome  d'nne  descrip- 
tion g^logique  de  la  Belgique.  Brn- 
zelles,  186H;  2d  ed.,  1880. 

Contains  important  list  of  fossils,  and  obsei^ ' 
vations. 

Damont  (A.-H.)  M^moire  sur  la  consti- 
tution g^ologique  de  la  province  de 
Li^ge. 

In  M6m.  Conr.  Acad.  Boy.  Sol.,  BroxAlles, 
vol.  8,  1838.  p.  858.    Table  of  fossils. 

Durooher  (J.)  Sur  h^  test  des  Trilobites 
et  des  auimauz  fossils  de  la  Bretagne 
en  g^n^ral. 

In  Bnll.  Soc  66ol.  France,  2d  seried,  vol.  7, 
p.  807,  also  Tol.  8,  1850-'51,  p.  160. 

Dwlght  ( W.  B. )  Recent  explorations 
in  the  Wappinger  Valley  limestone  of 
Dutchess  County,  Xew  York. 

In  Am.  Jonr.  Soi.,  3d  series,  vol.  27, 1884,  p. 
349.  pi.  7. 
Bathyurut, 

Baton  (Amos).    G^logical  Equivalents. 

Description  of  OgygxM  hUUtimut  and  Oaneer 
(riloMoufM. 

In  Am.  Jonr.  Soi.,  Istseriee,  vol.  21, 1882,  pp. 
135, 136,  note. 

Cancer  trUohMdet,  Oxygiet, 
Trilobites. 

Am.  Jour.  Set.,  let  series,  voL  22, 1832,  p.  165. 

Brongniartia  n.  g. 

We  learn  from  reference  to  Dr.  Amos  Eaton's 
description  and  fig^ires  given  in  bis  **Gleologicai 
tex^book/'  p.  33.  pi.  1.  fig.  .t  (2d  ed..  1832).  that 
the  original  of  Brongniartia  earcinodea  EaUm 
wss  the  same  as  that  afterwards  described  by 
Dr.  Jacob  Greon  (Monthly  Am.  Jour  Geology, 
vol.  1.  Jane.  1832;  also  Mon.  Tril.  N.  A.,  p.  87, 
pL  1,  fig.  6r  OMt  34)  as  Triarthrxu  bectU. 

Geological  text- book  for  aiding  the 

study  of  North  American  geology ;  be- 
ing a  systematic  arrangement  of  facts 
collected  by  the  anthor  for  his  pupils, 
etc.    2d  ed.,  5  pis.  (June  15,  Fh32). 

The  following  species  are  described  in  this 
work,  pp.  31-34:  (jheniis  Calamena,  O.  blumen- 
baehxi  (Calymme  t^iiaria  CoDmd).  pi.  2,  fig.  19; 
genus  Ataphug,  A.  haftsmannii,  A,  eaudatus 
(Dalmanites  limulurHt  Green),  pi.  2,flg.  18;  A. 
$«Unourtit  {DalmaniUs  telenurut  Eaton),  pL  1, 
Digitized  by  VjOOQ  IC 


26 


A  BIBLIOGRAPHY  OP  PALEOZOIC   CRUSTACEA. 


lBULL.«8. 


Eaton  (Amos)— Continaed.  I 

flg.l;   geniu   Brongniartia,   B.  pUUye^hala  \ 
(Homalonotut  dekayi  Green),  pi  2,  fltc,  20 ;  f . 
i$oUUa  (Aiapkut  pUUyeepJuUui  Stokes),  pi.  8, 
fig. 22;  B.careinodia  (Triarthrut  beeH  Green), 
pL  1,  fig.  3;  geuas  Xuttainia,  H,  concentriea  i 
(Trinudsus  concentriea  Eaton),  pL  1,  flg.2;  If.  ' 
»par§a  (Homalonotut  dekayi  Green).  I 

Biohwald  (Ednard).    Observationes  ge-  | 
ogno8tico-zoologio«B  perlngriam  tnaris- 
que  Baltioi  Proyinciaii  nee  non  de  Trilo- 
bites.    Casani,  1825,  4  pis. 

The  author  herein  describes  and  figures  eight 
species  of  Lower  Silurian  Trilobites  under  the 
new  generic  term  Oryptonymtu.  In  his  later 
work  (*  *  Lethosa  Rossica,"  p.  1449)  the  first  three 
are  referred  to  the  genus  Ataphut ;  vix,  Crypto- 
nymut  tchlotheimU  to  A»aphus  tetdotheimii, 
Oryp.ioeistii  to  Ataphuc  toeitiii,  Oryp.panderi 
to  Ataphui  ca^antu*  Wahl.  The  last  five  are 
classed  as  follows:  Oryp,  UckUntteinii  under 
Niobc  liehtentteinii,  Oryp.  rotenbergii  to  TUctnuM 
rotenbergix,  Oryp.  ioahUnbergii  to  lUceniu  vnth' 
Unbergii,  Cryp.rudolphii  to  lUanuc  ru^Mphii, 
Cryp.parkiruonU  to  lUcenui  parkinsonU. 

This  work  also  contains  a  description  and  a 
figure  of  Ataphut  fitcheri  (Amphion  flteheri 
Eich.). 

The  description  of  two  new  Carbonic  Trilo- 
bites are  added  by  Dr.  G.  Fischer,  pp.  53-J}5i,  pi. 
4,  figs.  4  and  5,  Ataphut  brongniarti,  pL  4,  fig.  5, 
and  A.  eiehufoldi^pl.  4,  fig.  4.  Valerian  von 
Holler  ('*  TJober  die  Trilobiten  der  Steinkohlen- 
formation  des  Ural,"  1887,  p.  7)  refers  these 
species  to  PhiUiptia  dchvfaldi  Fisoh.,  applying 
the  term  to  the  non-mucronate  pygidlum.  The 
Bussianmucronate species,  figured  by  Eiohwald 
("Lethoea  Rossica,"  pi.  54,  fig.  10)  as  Gnjfflthi' 
det  cichtoaldi,  was  assigned  by  the  same  author 
to  PhiUiptia  muerowUa  McCoy. 

Zoologia  speoialis,  qaam  expositis 

animalibas  torn  yivis  tarn  fossibilibns 
postissemum  Rossi  as  in  UniverBum  et 
Poloniee.    Vilnae,  vols.  1-3, 1829-^31.  (* ) 

Die  Thier-  und  PflanzeDreste  des  al- 
ien Tothen  Sandsteins  and  Bergkalk  in 
KoTgorodischen  Gouvernement. 

In  Bull.  Acad.  Petropol.  St.  Petersburg,  voL 
7,1840,  p.  78. 

Otarion  tiehwaldi.  ^  ' 

•»—  Ueber  das  silariscbe  Scbicbten-Sys- 
tem   von   Ehstland.     8t.  Petersburg,  I 
1840.  j 
Krustaseen,  p.  64.  I 
Calymtne  odini,  O.  blumenbtuhii  Brong.,  0.  j 
downingia  March.,  C.  macrophthalma  Mnrch.,  i 
C.bellatula  Dalm. .  <7.  tembnitzkii.Amphion  {Ata- 
phut) fitcheri,  Zethut  verrucotut  Pander,  Oryp-  j 
tonymtit punctatut  (Wahl.)  Eichwald,  O.vario-  \ 
larit,  O.  worthii,  Ataphus  expantr.it  Wahl.,  A.  ' 
toeittiiy  A.  tchlolheimii,  A.  UUut  Pander,  A.  la- 
eeniatut  Balm.,  A.  diifitatut  Balm ,  A.  devexut,  \ 


Eichwald  ( Ednard  )-^on tinned. 

A.  iyrannut  March.,  A.vuleani  March.,  JUcbmum 
cratticauda  Dalm.,  /.  rotenbergii^  J.  eofnutut 
Pander.  I.perovatit  Mnrch.,  LeentrotutlhAm,, 
Trinudeut  tpartkii,  Homalgnotut  hertehdii 
MuroL.,  NUeut  ftrmadmo  Dsbn.,  Agnottut  na- 
tututDtiXm. 

Die  Urwelt  Rnsslands  dorch  Abbild- 

ungen  erlantert. 

4  pts.,  St.  Petersburg,  184a-*48, 14  pis. 

In  the  first  part  of  Uiis  work,  in  the  list  of 
fussila  given,  p.  22,  Bdmurd  von  Eichwald  re- 
fers three  species  to  Oryptonymut ;  a  generic 
name  which  he  used  in  1825  for  an  entirely  dif- 
ferent series  of  fossil  Crustacea.  Inthepreaeot 
work  ho  substitutes  the  name  for  such  spociea 
as  Oalyment  variolarit^  O.  punetattit,  O.  toortki, 
etc.  The  name  is  used  without  a  generic  de-. 
soription,  and  only  indicated  by  the  above 
named  species. 

Metopiat  n.  g.,  pt  2,  p.  64,  pL  8,  fig.  4.  * 

Beitrage  zur  Geologie  nnd  Palseon- 

tologie  Kosslands.    Moecan,  1854. 
Bunodet  n.  g. 

Die  Granwacken  Scbicbten  von  Liv- 

nnd  Estland. 

In  Ball.  Soc.  Imp.  des  Naturalistes  Moaooa, 
vol.  27,  1854.  DO.  1,  p.  3. 
Eurypterut,  Pterygotut,  Btmodet^  SphagoduM. 

Ueber  die  Gattnngen   CrypUmymuB 

und  Zethns. 

In  BnlL  Soc.  Imp.  des  Katuralistes  Moecoo, 
vol.  28, 1855.    Separate  ed.,  Mosoou.  1855, 23  pp. 

The  aatbor  maintains  that  tiie  genus  Oryp- 
tonymut should  be  retained  for  several  Rnssias 
and  Swedish  Trilobites  aa  defined  by  K.  P. 
Augelin  ("  Palteont  Scand.,''  1852.  p.  2),  with. 
Oa!^/m^ne  punetatut  as  its  type. 

Beitrfige  zur  geograpbisohen  Ver- 

breitung  der  fossilen  Tbiere  Rnsaland'a. 

In  Ball  Soc  Nat.,  Mosoou,  vols.  28-30, 185&- 
'57  (voL  30, 1857). 

Harptt,  Proetut,  Oyphatpit,  Romalonotus^ 
Oalymene,  OriJUhidet,  Phaeopt,  Ohatmopt,  Odon> 
toehile,  Lichat,  Trinueleut,  Ampyx,  Ataphus^ 
Ptychopyge,  Megalatpit,  NUeta,  IlUtnut,  Dya- 
planut,  Oheirurut,  Sphctrtxoekut,  Amphion, 
Oryptonymut,  Bronteut,  Lonchodomat,  Raphit*^ 
phorut,  Zethut,  Bphcerocoryphe,  Eurypterv^, 
Pterygotut,  Beyrichia^  Bairdia. 

Lethsea  Rossica,  on  pal^ntologie  de 

laRuss.  Stuttgart,  1852-*69.  3  vols. » 
witb  atlas,  113  pis.  . 

The  Crustacea  are  arranged  in  the  following 
order:  First  order,  Ostracopodia,  first  fSunily, 
Cypridina,  genus  1.  Leperditict,  2.  Bairdia,  8. 
Beyriehia,  Second  order,  PcdcUopoda,  second 
flEunily,  Agnostid®,  genus  4.  Agnottut.  Third 
order,  Cop6poda,  third  family,  Burypterid», 
genus  5.  Burypterut,  6.  Pttrygotut.  Fourth 
order,  Xiphosurids,  fourth  fSetmily,  LiroulidA, 
genus  7.  Campylocephalut  n.  g.  Fifth  order, 
Isopodes,  Trilobites,  fiunily  Harpidio,  gfiuoa  ii. 
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Biohwald  (Eduard) — Continued. 

Harp€^  10.  TrinueUui,  11.  Ampyx,  12.  Loneho- 
4oma»t  13.  Baphiophorui ;  sixth  fiamllj,  Licbi-' 
d»,  geniu  14.  JAehas;  seyenth  famfly,  Cbei- 
rariAae,  genus  15.  Acidtupit,  16.  Ceraurtu,  17. 
SpiUerexoehus,  18.  ZeeAtur.lQ.  Sphcerexocoryphe  ; 
eighth  family,  AmphionidfiB,  genus  20.  Amphion^ 
21.  iroina2<motu«,22.0vpC(m2/mu#;  ninth  ftunily, 
Calyminid»,  geaos  23.  CMym«ne,  24.  Aea9te,  25. 
rhaeopa,  26.  OhaemopM,  27.  Proettu,  28.  tifri^ 
Aide*.  29.  (not  given),  30.CVpA<MW;  tenth  family, 
Bemopleuride,  genus  31.  ^nodes,  32.  P»«i»- 
cioniwitf,  83.  JtemopUuridet ;  eleventh  family, 
Asai»faidiD,  genus  34.  Ajaphut,  35.  MegalaspUt 
38.  JTiofre,  37.  Ptyehopyge,  38.  Ogygia,  39.  lUtmus, 
40.  Bhodope,  41.  i>yipIaniM,  43.  .lo^nodoIiM,  43. 
inieus;  twelfth  liunlly,  Brontide,  genus  44. 

—  BeitrSge  zar  nSbern  Kenntniss  der 
in  meiner  Lethsa  Kossica  besohrie- 
benea  lilsenns,  etc. 

In  BulL  Soc.  Imp.  des  Ufatnralistes  Mosooa, 
1863,  Na  4,  p.  372. 
jr^Htut,  Bumattut, 

Bmerson  (B.  E.)  On  the  geology  of 
Frobisher  Bay  and  Field  Bay. 

Apfpendix  3.  Narrative  of  the  second  Arctic 
expedition  made  by  Charles  F.  Hall,  45th  Cong., 
3d  seas.,  Senate  Doc.  27,  Washington,  1879. 

Triarthrus,  Offphoipis,  Phaeop*,  Ctdymene, 
A9aphu$,  B^yriekia,  X«p«rdit»a,  Primitia. 

BnunonB  (Ebenezer).  Geology  of  Kew 
York.  Pt.  2.  Comprising  the  survey  of 
the  Second  Geological  District.  Al- 
bany, 1842. 

iMotdui  gigas,  fig.  99  (1) ;  Bumcutut  trmUon- 
«*m«,  fig.  100  (1) ;  Oaiymene  tenaria,  flg.  100  (2)  ; 
llUmnuM  trtntonengit,  fig.  100  (3);  Csrourttf 
pieurezatUhu9,  flg.  100  (6) ;  TrinuoUut  tesstUatus, 
flg.  100  (7);  Triarthrut  beekii,  flg.  110  (1);  Tri- 
nuOetu  caraetad,  flg.  112  (1). 

The  Taconic  system,  based  on  ob- 

eervations  in  New  York,  Massachusetts, 
Maine,  Vermont,  and  Rhode  Island. 
Albany,  1844,  G  pis.  and  map. 

.^toptft'ilMMattan.  s.andgenns,flg.  8;  BUip' 
toeepala  a»aj^ioide$  n.  s.  and  genns  (not  EUip' 
toctphaXui  Zenker,  1833),  fig.  8. 

—  Agricultnre  of  New  York,  comprising 
an  account  of  the  classification,  com- 
position, and  distribution  of  the  soils 
and  rocks,  etc  Vol.  1.  Albany,  1646, 
21  pis.  and  maps. 

Aiop9  tnHnea^M,  fig.  8 ;  Etliptoeephala  mo- 
pkaidts,  fig.  0. 

On  the  identity  of  the  Atop$  trili- 

neatu9  and  the  Triarthru9  heckii  Green, 
with  remarks  upon  the  MUptocephaliu 


EmmonB  (Ebenezer)— Continued. 

In  Proc.  Am.  Assoc.  Adv.  Soi.,  First  meet- 
ing. Philadelphia.  1848. 

Atopt  trilineahu,  Triarthrus  beckCi,  Elipto- 
eephahu  cuaphoidet, 

American    geology,    containing    a 

statement  of  the  principles  of  the  sci- 
ence, with  full  illustrations  of  the  char- 
acteristic fossils.  Vol.  1,  Parts  I,  II, 
and  ni.  Albany,  1855-'57,  atbis,  17  pis. 
DiMocephahu,  Olenut,  Triarthrtts,  Atopt, 
Oonoeephalut,  ElUptocephalua,  Phaeops,  Caly- 
mene,  Trinueleu9,  ItoUlui,  Ogygia,  lUcentis, 
Aeidaspig,  Oeraurtu,  Agnoittut,  Mieroditcut  n. 
g.,  Beyriehia,  Oytherina,  Oyproidet. 

Manual  of  geology,  designed  for  the 

use  of  colleges  and  academies.  New 
York,  1860. 

Pctradoaeidss  f  quadriipinoitu,  fig.  67;  R&ro* 
doxidetmaeroeephalut^  fig.  70;  AtoprpunettUus, 
fig.  71;  MieroditcuB  quadricottaiut,  fig.  73 1 
Oalymme  tenaria,  flg.  87 ;  lUcentu  trentonentit, 
fig.  89  (a);  lUanut  crcmieauda,  fig.  89  (b);  Tri- 
arthruM  beckii,  figs.  89  (c)  and  91 ;  Isotelus  gigat, 
fig.  89  (d) ;  Beyriehia,  Oytherina,  Oyproidst,  fig. 
90;  Trinucleut  caraetad,  fig.  03  (1) ;  Hemicriptu- 
rut,  fig.  97  (2) ;  lOoenut  barritntit  fig.  98  (3) ; 
Ddhnania  teUnurut,  fig.  118  (1) ;  Phacopt  Imfo, 
fig.  124  (6);  DaHmania  eaUiUUt,  fig.  124  (7); 
Phacopt  nupera,  flg.  138  (2) ;  Oyphatpit  girardt- 
auentit,  flg.  145  (2) ;  Bomaionotut  dekayi,  figs. 
134,  135. 

Note  A,  p.  280,  the  author  remarks:  *'  We 
now  know  the  following  triJobites,  all  of  which 
belong  to  a  slate  beneath  the  Calciferoas ;  viz, 
Atopt  punetatut,  BUptoc^halut  (Paradoxides) 
ataphoidet,  Paradoxidet  thomptoni,  P.  vermonH, 
P.  maeroeephalut,  Paradoxidet  (Pagura)  qua- 
dritpinotiLt,  And  Mieroditcut  qutadrieottatut." 

Dr.  £.  Emmons  uses  the  name  Pagura  as  a 
subgenus  to  Paradoxidet  without  indicating 
his  intention  with  regard  to  the  genns.  He  may 
haye  intended  it  to  replace  tho  generic  name 
of  PeUura  (OUnxtt)  holopyga  Hall,  12th  Rept, 
New  York  State  Cab.  Nat  Hist.,  p.  61,  which 
in  the  13th  Bept.  New  York  State  Cab.  Nat. 
Hist,  p.  118,  is  nsed  for  the  type  of  Bathynotut 
Hall,  1860. 

The  preface  of  the  manual  is  dated  Kaleigh, 
May  1, 1859. 

Emmrioh  (H.  F.)  De  Trilobitis  disser- 
tatio  petrefactologica  quam  consensu  et 
auctoritate  amplissimi  philosophorum 
ordinis,  etc.    Berolini,  1839,  1  pi. 

Classifies  66  species  and  9  genera  and  6  sub- 
genera, as  follows : 

1.  Phaoops. 
'Sec  1.  Ogygia. 

2.  Asaphns  {        I'  ^«P»»ua. 
'^         ^         ^  niaenus. 


(Seel.  < 
a. 
I 


3.C.Iymene{«-J;JjJ^- 
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Bmmrloli  (H.T.)— Continaed* 
4.  Depleank 
6.  Conuoeptaalat. 

6.  BUiptoeephAliia. 

7.  Ampyx. 

8.  PanidozldM. 

9.  Odontopleonk 
10.  CyptuDiu. 

—  Zar  Natorgesohiohte  der  Trilobiten. 
Programm  Eor  Sffentliohen  PrOfang, 
welohe  mit  den  Zoglingen  der  Real- 
Mhale  in  MeiniDgen  Donnerstag  dem 
28.  und  Freitag  den  29.  MUrz  1844  im 
groasen  HSreaale  der  Anstalt  abgehal- 
ten  werden  boII,  etc.  Meiningen,  1844, 
Ipl. 

Pi.  1.  Zar  Horphologle  der  Trilobiten,  pp.  4- 
13. 

Pt.  2.  Ueber  die  Tiilobitengattnngen,  pp. 
18-18. 

Pt.  3.*  Ueber  die  Terbroitnng  der  Trilobiten 
is  den  Oebirguohiohten,  pp.  18-28. 

The  generA  are  arranged  into  25  families  in 
the  following  order: 

1.  Phaeopt,  Dalmania  n.  g.,  2.  PhiXUptia^  3. 
OrifUkidt*,  4.  Otroitoi,  5.  A»aphu»,  6.  Jlkfnus, 
7.  Ogygia,  8.  BnmituM,  9.  NuUania,  10.  Eneri- 
ftuna  n.  g.,  11.  AmphUm,  12.  Calymmie,  13.  Ho- 
malonofut,  14.  (kmoe$phdUu^  15.  EUiptocepha- 
lu«,  10.  AntheM,  17.  Paradoeridet,  18.  Odonto- 
pleura,  19.  Arge^^  20.  OrifptoUthta,  21.  Ampyx, 
22.  OUntu,  23.  BemopUuridM,  24.  (Uraurut^  25. 
Agno9tu4, 

Ueber  die  Trilobiten. 

In  Kenes  Jahrbnoh  f&r  Mineral.,  1845,  p.  18, 
IpL 

For  list  of  genera,  eee  preceding  reference. 

On  tbe  morphology,  classification, 

and  distribution  of  the  Trilobites. 

Scientifio  Memoirs,  edited  by  Richard  Tay- 
lor, vol.  4, 1840.  pt.  14,  p.  253,  1  pi. 

Translation  of  the  preceding  reference. 

Samark  (H.  M.  T.)  Om  nogle  nye  Arten 
afTrilobiter.  (•) 

In  Mag.  for  Natnrridenslc.,  andre  Rskke, 
Christiania,  voL  1. 1833,  p.  208.  pi.  8. 

TrOobiUr  oseOiM,  T.  eUiptifrafu,  T.  tphctriut, 
T.  9emUunarit,  T.  <(«ntafitf. 

Btherldge  (Robert).  Description  of  the 
Pal»ozoio  and  Mesozoic  fossils  of 
Qaeensland. 

In  Qnart.  Jonr.  OeoL  Soc.  London,  vol.  28 
1872,  p.  317. 

OHJUhidet  dubiut,  pL  18,  fig.  7. 

—  Memoirs  Geological  Survey  of  Scot- 
land.   Edinburgh,  1873. 

ExpL  Map  28,  p.  93. 
Osrafiooorit. 

—  Observations  on  a  tew  Graptolites 
from  the  Lower  Silurian  rocks  of  Yio- 


Etheridge  (Robert) — Continued, 
toria,  Australia,  with  a  further  note  on 

^    the  structure  of  Ceratiocaris. 

In  Annals  Max.  Nat.  flist.,  London.  4th  ae- 
ries, voL  14, 1874.  p.  L 

On  the  remains  of  a  large  Crustacean 

probably  indicative  of  a  new  species  of 
Eurypterid(p,  or  allied  genus  (EurifpteruB 
$teven$oni)f  from  the  Lower  Carbon  if er^ 
ous  series  (Cementstone  group)  of  Ber- 
wickshire. 

In  Quart.  Jonr.  Oeol.  Soc.  London,  vol.  83, 

1877,  p.  223,  2  flj^s. 

Palaeontology  of  the  coasts  of  the 

Arctic  lands  visited  by  the  late  Brit- 
ish expedition  under  Oapt.  Sir  (George 
Nares,  etc. 

In  Qnart  Jimr.  GeoL  Soc.  London,  toL  84 

1878,  p.  C6S. 

Proetu$,  Oalynuns,  Aeaphus,  Snerinurut 
Sronteut, 

On  the   occurrence  of  the   genoi 

DithjfrooarU  iu  the  Lower  Carbonifer- 
ous or  Calciferous  sandstone  series  of 
Scotland,  tuid  on  that  of  a  second  spe- 
cies of  AnaihrapaUiemon  iu  these  beds. 
In  Qnart  Jonr.  Geol.  Soc  London,  toL  85, 

1879,  p.  464,  pi.  23. 
Dilhyrocarit,  Anthrctpalmmon. 

— r-  On  the  occurrence  of  a  small  new 
Pbyllopod  Crustacean,  referable  to  the 
genus  Leaia  in  the  Lower  Carbonifer- 
ous rocks  of  Edinburgh. 

In  Annals  Mag.  Nat.  Hist.,  London,  5th  e»> 
ries,  vol.  3,  1870,  p.  257. 

andNiohol8on(H.  A.)   BeeNiohol- 

8on  (H.  A.)  and  Etheridge  (Robert). 
and  Baiter  (J.  W.)    See  Salter  (J. 

W.)  and  Etheridge  (Robert). 
Notes  on  a  collection  of  fossils  fVom 

the   PaloBOZoio   rocks   of  New    South 

Wales. 

In  Proc.  Royal  Soo.  New  Sonth  Wales,  toL 

10, 1880.  p.  247, 1  pi. 
Encrinurxu  ptmetatui. 

Address  of  the  President. 

In  Quart.  Jonr.  GeoL  Soc.  London,  voL  87, 
1881,  p.  37. 

Reports  of  the  committee,  consisting 

of  Mr.  R.  Etheridge,  Dr.  Henry  Wood- 
ward, and  Prof.  T.  Rupert  Jones,  sec- 
retary, on  the  fossil  Phyllopoda  of  the 
PalsBOzoio  rocks. 

See  Reports  of  the  secretary,  recorded  under 
Jones  (T.  Rupert).  See,  also.  Woodward 
(Henry)  and  Etheridge  (Robert);  Hnzley  (T. 
H.)  and  Etheridge  (Robert). 
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Btheridge,  jr.  (Robert).  On  the  occnr- 
renoe  of  a  macrarooB  decaped  (Anthm- 
pleemon  tooodwardi  sp.  nov.)  Id  the  Bed 
Sandstone  or  lowest  group  of  the  Car- 
boniferous formation  of  the  southeast 
of  Scotland. 

In  Quart  J  oar.  GeoL  Soa  London,  toL  83, 
1877.  p.  863,  pi.  27. 

On  P%nnocari8  lapworthi, 

Fioc.  Boya)  Phirs.  Soo.,  1878,  toL  4,  p.  167. 
Pdniooam  n.  g. 

.On  the  genus  Conocephalitet* 

In  Pioo.  Boyal  Soo.  Tasmania,  Jane,  1882,  p. 
152. 

Felstmantel  C  Ottokar ).  Ueber  ein  neues 
YorkomnieB  von  nordisohen  silurischen 
Diluvilgeschieben  bei  Lampersdorf  in 
der  Gra&chaft  Glatz  (Zeitschrift  Lotos, 
Dec.,  1874,  p.  10,  Prag). 

Phacopt  dovmingim,  LeperdiHa  marffinata, 
Fiflcber  (G.  de  Waldheim).    Notice  sur 
PEurypt^rus  de  Podolie  et  le  Chiro- 
theriam  de  Livonie.    Moscou,  1839,  2 
pla. 

EtaypUrut  remipet,^.  laeuitriit,  £.  tetrct- 
ffonophthdlmuM  n.  a. 
Fttch    (Asa).    Fossils    of    Washington 
County,  New  York. 

In  Trans.  Now  York  Agric.  Soo.,  vol.  9, 1850, 
p.  883. 

Atopt  trilifuaitu,  OUnut  (uaphoidu,  Trinu- 
cUuM  eaneentricii. 

Fletcher  (W.  F.)  Obserrations  on  Dud- 
ley Trilobites, 

In  Qoart.  Joar.  GtooL  Soo.  London,  vol.  6, 1850, 
p.23S,pls.27,27Mt. 

Liehas  bueklandi,  L.  hirtutuSf  X.  grajfii,  L. 
MoUeri,  L.  barrandii. 

Obseryations  on  Dudley  Trilobites. 

Fart  2, 

In  Quart  Joar.  Geol.  Soc.  London,  toL  6, 1850, 
p.  402,  pi.  32. 

€ybeU  punctata,  O,  variolarit. 

Foerste  (A.  F.)  The  Clinton  group  of 
Ohio. 

In  Ball.  Denison  UDiT.,To1. 1, 1885,  p.  65, 2  pis. 
AeidaMpig   Bathyurutt,  lUcenu*^  Oalymenet 
Jjieka»,ArioneUtuf,  Dalmanite*, 

The  Clinton  group  of  Ohio.    Pfc.  2. 

In  BnU.  Bonison  nnfT.,voL  2. 1887,  p.  89,  pi.  8. 

J*ro€tH4,    Phaeopt,   Dalmanitet,    Caljfmene^ 

Ijichaty  lUamut,  Aeidoipit,  Oeraunu,  Erwri- 


i^—  Note  on  Illieni. 

la  Fifteenth  Bept.  Geol.  Nat  Hist  Surrey 
ICnnesota,  1886,  p.  478. 

JJUoMt  minnetoteniis,  J,  herrieki^  I,  ambi^ 


Foerste  (A.  F.)-— Continued. 

Notes  on  Palaeozoic  fossils.    Pt.  2. 

In  Ball.  Denison  XJniy^  voL  8,  pt  2,  1888,  p. 
117,  pL  13. 

Pkaeopt,  Liehoi,  Sptuurexoehut,  EnerinunUt 
MierodUeut. 

Forbes  ( Edward ).  Description  of  ^nipyx 
nudm. 

In  Mem.  GeoL  Sarvey  United  Kingdom,  de- 
oade  2,  London,  1840.  pi.  2. 

Ampyx  nudut,  Brachampyx  n.  g. 

Ford  (S.  W.)  Description  of  some  new 
species  of  Primordial  fossils. 

In  Am.  Joar.  ScL,  8d  series,  vol.  3, 1873,  p. 
410. 

Agnotttu  nobUis. 

Descriptions  of  new  species  of  fos- 
sils from  the  Lower  Potsdam  group  at 
Troy,  New  York. 

In  Am.  Joar.  Soi«,  3d  series,  vol.  6, 1873,  p.  137. 

Mierodi$eu9  tpeeiotus,  Leperditia  troyensit. 

Note  on  the  discovery  of  a  new  local- 
ity of  Primordial  fossils  in  Bensselaer 
County,  New  York. 

In  Am.  J'onr.  Sci..  3d  series,  vol  9, 1875,  p.  204. 
dmocephalUe*  (Atopt)  trUineatu9  Emmons; 

On  additional  species  of  fossils  from 

the  Primordial  of  Troy  and  Lansing- 
burg,  Rensselaer  County,  New  York. 

In  Am.  Jonr.  Sci.,  8d  series, voL  11, 1876,  p.  860. 

Mieroditeut  meeki, 

Note  on  Miorodi$ous  $peoio8U8, 

In  Am.  Jonr.  Sol.,  8d  series, vol  13, 1877,  p.  141. 

On  some  embryonic  forms  of  Trilo- 
bites. 

In  Am.  Joar.  Soi.,  3d  series,  vol.  13, 1877,  p. 
265,  pi.  4. 

Metamorphoses  of  OUiuUut  (EUiptoeephalut) 
€uaphoide8. 

Description  of  two  new  species  of 

Primordial  fossils. 
In  Am.  Joar.  Soi.,  8d  series.  voL  15, 1878,  p.  124. 
Solenopleura  nana, 

Note  on  the  development  of  Olenellua 

4uaph  aides. 

In  Am.  Joar.  Sci,  3d  series,  voL  15, 1878,  p.  120. 

Life  of  the  Silurian  age. 

New  York  Tribane  Extra.  September  2, 1870. 

In  this  paper  Mr.  S.  W.  Ford  gives  generic 
flgnres  of  Trilobites,  indading  figares  of  Mi- 
erodisewi  »pwiotu9, 

Note  on  the  Trilobite  AUtp$  trilineO' 

tu8  Emmons. 

In  Am.  Joar.  Sci.,  3d  series,  vol  10, 1880,  p.  152. 

On  additional  embryonic  forms  of 

Trilobites  from  the  Primordial  rocks  of 
Troy,  New  York,  with  obseryations  on 
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Pord  (S.  W,)— Continned. 
the  gen^^  OUnellnSf  Paradoxides,  and 
Hydrocephalus, 

In  Am.  Jour.  Sd..  8d  aerlM,  ToL  22. 1^.  P  230, 
13.  figs. 

Note  on  the  age  of  the  Swedish  Para- 

doxides  beds. 
In  Am.  i  our.  Soi,  SdMries,  vol.  S2. 18M,  p.  478. 

and  Dwight  (W.  B.)    Preliminary 

report  of  S.  W.  Ford  and  W.  B.  Dwight 
npon  fossils  obtained  in  18c*5  from  meta- 
morphio  limestones  of  the  Taoonic 
series  of  Emmons,  at  Canaan,  New 
York.    PI.  7. 

In  Am.  Joar.  SoL,  8d  series.  toI.  81. 1886.  p.  248. 

Genal  spine  of  Trilobite.  perbaps  Ataphut 
vugittci. 
Freeh  (Fritz).     Ueber  das  Devon  der 
Ostalpen. 

In  Zdtschr.  Dentsch.  geol.  Gesell..  Berlin, 
▼01.89,  1888.  p.  660. 

Phacopit  Oheirurui,  BnerinuruB,  ArethuHna. 

—  Die  palfiozoischen  Bildnngen  Yon 
Cabri^res,  etc. 

In  Zeftschr.  Dentsch.  geol.  OeseU..  Berlin, 
*voL39,  1887,p.860.p).24. 

Harpei,  Phaeopi,  Proetut,  DeekenOa,  IridUu, 
Cfieirurtu,  SrorUeu*t  Ogygia. 
Gtohler  (J.  C. )  De  qoibnsdam  yarioribns 
agri.  Lipsiensis  petrifioatis.  Spec.  I. 
Trilobites  f.  EnUmoBliihus  paradoxus 
Linn6.    Lipsicp,  1793  [1  pi.]. 

The  anthor  gives  ssketoh  of  the  bibliography 
of  the  Trilobites,  and  figures  sereral  specimens 
of  OdiumeM  hlwnenX>aehii, 

Oeinitz  (H.  B.)  Grandriss  derVerstei- 
nernngs-Kunde.  Dresden,  1846,28  pis. 
lAmulu*  HdUeyne,  BeUnurtu,  EurypUrut, 
Cytherina^  Cdlifmene^  Homalonotut,  Dipleura, 
Trimerut,  Cjfphaspit,  Phaeopi,  Aeonia,  Ilkenut, 
Arehegonus,  Ataphtu,  Dytplanui,  NUeut,  Am- 
pyx,  Trinwleut,  Ogygia,  OdontopUura,  Arges, 
BronUut,  Paradoxidet,  OUnut,  Oonoeephahu, 
EUiptocephalus,  Harpt*,  Ciftherea,  Oypridina, 
CyprMa,  CyprideUa,  PoUidpei,  Cydut. 

Carbonformation  nnd  Dyas  in  Ke- 

braeka.    Dresden,  1866.  5  pis. 
PAiRtpsia  sp.?,  Oythere. 

Qenzmar.  Besohreibnng  einer  yer- 
8t«inerten  Muschel  mit  dreifaohen 
RUcken.  (*) 

In  GeselL  der  Ober-Lansits  Loban,  vol.  2, 
1758;  also,  Tol.8.  p.  185,  fig.  17-21 ;  Nenes,  Mag., 
Hamburg,  1772. 

Tbia  author  gives  a  description  of  the  Trilo 
bites  of  Mecklenburg,  especially  those  of  his 
own  collection. 

Gtorstacker  (A.)  In  Bronn's  Die  Klassen 
nnd  Ordnungen  der  Arthropoden  wis- 


Gtorstaokar  (A.)— Continned. 
sensohaftlich  dargestelit  in  Wort  nnd 
Blld.    Cmstacea.    Leipzig  nnd  Heidel- 
berg. 1866-79,  p.  1142,  pis.  43-49. 

Agnoitut,  Hbmalonstuf,  Phacopt,  DaSmami' 
tet,  OheiruruB,  Oromtu,  Deiphon,  Staurcee- 
phahu,  Ampyx,  Bydroeephalut,  AeidaspU,  Te- 
Uphut,  jEgUna,  Liehat,  Sphcerexochtu,  Triar- 
thrus,  Dindymene.  Barrandia,  lUcenus,  KileuM, 
Ogygia.  BrorUeu*,  Atapkut,  Paradoxide*.  Phil- 
Uptia,  Oarmon,  EUiptoeephmbu,  Oypkatpis, 
Arethtuina,  Proetus,  ArioneUus,  Remop^ridu, 
Bokemitta^  Catymene,  ConoMphaUt^d  Olenwi, 
POtura,  Arera,  Sao,  Phacoparia,  Amphum, 
Sncrinurut,  Zethus.  TrinueUus,  Dionide;  Ear- 
pidst,  Harpf,  Arittozoe,  Bfyrichia,  Bolhosoe, 
CaWtoe,  Caryon,  OntcentOla  OyUure,  Oyth^ 
roptit,  Elpe,  Entomis,  Beppa,  Leperditia,  Iso- 
ehUina,  ,Orozoe,  NothoEOt,  PrimUia,  Zonozoe^ 
Oryptoearia,  Aptychopsit,  AdelophthalmuM,  Eu- 
rypterut,  LimuUu,  Pterygotuiy  Belinwtu^  Prett- 
vjichia,  Hemiatpi». 

Oiebel  (C.)  Die  silnrische  Fanna  des 
Unterharzes. 

In  Abhandl.  Kat  Yerehis  Saehsen  a.  Tbfi- 
ringen.  roL  1, 1858,  p.  1, 7  pis. 

Barpf,  Proettu,  Oyphatpit,  PAooops,  Liekat, 
Dahnannia,  Aeidaapity  Bronteui. 

OoldiuflB  (A.)  Observation  snr  la  place 
qn'occnpent  les  Trilobites  dans  ler^gne 
animal. 

In  Annates  Sci.  Nat  Paris,  vol.  15, 1828,  p.  83, 
pL2. 

Ataphus,  Odlymene, 

Catalogue  des  Trilobites. 

In  Handbuoh  der  Geognosie  von  de  la  Beobe. 
1882. 

This  list  was  copied  by  Dr.  Jacob  Green  in 
his  **  Monograph  of  the  Trilobites  of  Korth 
America,"  p.  20. 

Beitrage  zur  Familie  der  fossilen 

Crustaceen. 

In  Nova  Acta  Physico  Med.,  voL  19,  1839, 
Breslan,  p.  853.  pi.  88. 

Harpet  n.  g.,  Argea  n.  g.,  Brontet  n.  g.,  7^ 
lamuMf  triaoaniku9. 

Syst^matische  Uebersicht  der  Trilo- 

biten  und  Beschreibnng  einiger  nenen 

Arten. 

In  Neues  Jahrbnch  fUr  Mineral,  1843,  p.  687, 
pis.  4-6. 

Harpti,  Paradoxides,  Olenui,  Anthti  n.  g., 
Olenus  tearabmoidst,  Oonocepkalua,  Emptoee- 
pkaUu,  Pro€tu9,  Aeaste,  Oerastot  n.  g.,  PkaeopM, 
Oalymene,  ffomalanotuM,  Dipleura,  CryptcU- 
thut,  Ampyx,  Ataphui,  Itotelu»,  Symphyturru 
n.  g.,  Ogygia,  Oryptonymus,  OdtmtopUttrm, 
OerauruM,  Otarion,  Arge*,  Ztthui,  Ampkitm, 
BrontsM,  lUaenm,  Buma$ttu,  KiUut,  AgnoHms. 

Classifles  204  species  under  32  genera. 
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Goodohild  (J.  6.)  and  Postlethwaite 
(J.).  See  PosUethwaite  (J.)  aud 
aoodclkild(J.  G.). 

Oreen  (Jacob).  Synopsis  of  the  Trilo- 
bites  of  North  America.  In  which  some 
new  genera  and  species  are  proposed. 

Monthly  Am.  Joar.  Geology,  Phlla.,  rol.  2, 
1833,  p.  558,  pi.  U.  Republished  in  Dr.  Jftoob 
Green's  "*  MonogtAph  of  the  Trilobites  of  North 
America,''  Phila.,  1832.  List  given  In  Dr.  R. 
lUrUn's  "Med.  Phys.  Researches,"  Phila., 
1885,  p.  300. 

Calymsne  blum^nbachii^  0.  etMieephala,  C. 
t^en^cephala,  O.  platyt,  0.  mieropt,  C.  anchiopt, 
C.  diop$,  O.  ln{fo,  Atapkut  caudatu$t  A.  telenu- 
rtt#.  A.  pUuroptyx,  A.  wttheriUi,  A.  micrurut, 
A.  Umidurui,  A.  UUieogtatut,  TnvMitu  n.  g., 
T.  d4iphinoe9pkalut  (pL  U,  fig.  1),  Cryptolitkus 
n  .g.,  0.  UMdlatus  (pi.  14,  fig.  4).  JDipUura  n.  g., 
i>.  deka^  (pL  14,  figs.  8,  9).  UoUlitt  gigas,  I 
pianut,  I,  cyclop*  (pi.  14,  fig.  7),  Triarthrus  n. 
K.,  T.  hcckH  (pL  14,  fig.  9),Parfidoxide9  bolUmii 
(pL  14,  fig.  5),  OerauruB  n.  g.,  O.  pleurcxanthc- 
SMU  (pL  14,  fig.  10). 

^—  A  monograph  of  the  Trilobites  of 
North  America,  with  colored  models  of 
the  species.  Philadelphia,  163'2,  94  pp., 
1  pi.  (Oct.  1,  1832). 

Oaiymcns,  Asaphut,  Hcmitruptunu  n.  g., 
Offffgia,  UoUiuM,  Oryptolithus,  DipUwra,  TH- 
wenu,  Oerawrut,  Triarthrut,  Nuttaini(i,  Bron- 
gniartia, 

—  A  supplement  to  the  monograph  of 
the  Trilobites  of  North  America,  with 
colored  models  of  the  species.    Phila- 
delphia, 183.5,  24  pp.  (May  1,  1835). 
ParadMDidet,  Calymcne^  Ataphu*. 

•»—  A  nfiw  Trilobit«.  Letter  to  the 
editor,  Dec.  26,  1832. 

In  Am.  Jonr.  8ci.,  let  series,  voL  23, 1833,  p. 
397. 
Ataphus  myrmeeotdst. 

— ^  Description  of  a  new  Trilobite  from 
Nova  Scotia. 

In  Trane.  Geol.  Soo.  Pennsylrania,  yoL  1,  pt 
1,1834,  p.  37,  pi.  4. 
Asaphut  crypturus. 

^—  Description  of  some  new  North 
American  Trilobites. 

In  Am.  Jonr.  Sci.,  Ist  series,  rol.  26, 1834,  p. 
384. 

Oal^fmene  odontoccphalut,  Ataphiu  <utr(tgaU>- 
tot,  A,  Utragonocephalut,  Paradoxidet  hartani' 

Description  of  a  new  Trilobite. 

In  Am.  Jonr.  ScL,  1st  series,  yol.  32, 1837,  p. 
187. 
Ooiymens  phtyeUxinodM,  Ataphut  platypUu- 

—  Description  of  two  new  species* of 
Trilobites.    Read  Jan.  24,  1837. 


Green  (Jacob)~Con  tinned. 

In  Jonr.  Aoad.  Nat  SoL  Pblla.,  vol  7, 1837,  p. 
217.  2  wood-cnte. 

OryphmuM  n.  g.,  (7.  boothi,  Aiaphut  tHmbUi, 
J.  W.  Salter  (Mon.  Brit.  TrlL,  p.  16)  gives  the 
following  diagnosis  of  the  genua,  and  naes  it 
as  a  subgenus  to  Ptutcops:  "  Form  of  moderate 
siae,  depressed.  Glabella  depressed,  not  ranch 
expanded  in  fh>nt;  all  tbe  lobes  distinct,  the 
front  ones  not  greatly  enlarged,  genal  angles 
long-spined.  Pleura  truncate,  and  the  hinder 
ones  often  produced  into  spines.  Tail  large,  of 
many  segments ;  the  margin  apinose." 

Description  of  several  new  Trilo- 
bites. 

In  Am.  Jour.  Sci.,  Ist  series,  vol.  32, 1837,  p. 
343, 2  wood-cuts. 

OryphauM,  O.  hoothi,  O.  coUiUltit,  Trimertti 
jaektonU,  Atapkui  trimblii, 

Some  remarks  on  the  gen  as  Para^ 

doxides  Brong.,  and  the  necessity  of  pre- 
serviDg  the  gen  as  Triarthrus ,  proposed 
in  the  Monograph  of  the  Trilobites  of 
North  America. 

In  Am.  Jonr.  Soi.,  1st  series,  vd.  33, 1838,  p. 
84L 

Description  of  a  new  Trilobite. 

In  Am.  Jonr.  Sci.,  Ist  series,  vol.  33,  1838,  p. 
406. 

Calymene  rotoii. 

This  Trilobite  was  figured  by  Mr.  Row  in  the 
Poughkeepsie  Telegraph,  Nov.  22, 1837. 

Description  of  a  new  Trilobite. 

In  Annals  Mag.  Nat.  History,  1st  series,  vol. 
1, 1838,  p.  79. 
OcUymene  rawii. 

The  inferior  surface  of  the  Trilobite 

discovered. 

In  The  Friend,  a  weekly  Journal,  Philadel- 
phia, March  16.  1839. 

Calymene  bufo. 

The  inferior  surface  of  the  Trilobite 

discovered.  Illustrated,  with  colored 
models.    Philadelphia,  1839. 

Oalymcne  bt^fo. 
Remarks  on  the  Trilobites. 

In  Am.  Jour.  Soi.,  1st  series,  vol.  37, 1839,  p. 
25. 

This  article  appears  to  be  a  republication  of 
the  two  preceding  references,  with  the  addition 
of  the  remarks  on  p.  38  of  the  Journal 

An  additional  fact,  illustrating  the 

inferior  surface  of  Calymene  bufo. 

In  Am.  Jour.  Sci.,  1st  series,  vol.  36,  1810,  p. 
410. 

Grewlngk  (C.)  Geologic  von  Liv- und 
Kurland. 

In  Arohiv  Natnr.  Liv-,  Ehst-  n.  Karl.,  Dor- 
pat,  vol.  3,  pt  3,  1861,  p.  671,  4  pis. 

Beyriehia. 
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Griffith  (Richard). 

Two  important  worka  on  the  paleontology 
and  geology  of  Ireland  were  prepared  under 
the  direction  of  Mr.  Richard  Griffith  by  Fred- 
erick McCk)y,  who  will  be  counted  as  the 
aathor.  although  Mr.  Richard  Griffith  wan  the 
collector  of  the  apeoimens  and  the  flnanoial 
supporter  of  the  pablications. 

The  contributions  on  the  Paleoeoie  Cmstaoea 
are  given  under  HoCoy  (Frederick)  in  this 
woric. 

Orote  (A.  R.)  and  Pitt  (W.  H.)  Now 
Bpecimen  from  the  Water  Lime  groap 
»t  Buflfalo,  N.  Y. 

In  Proc.  Am.  Assoc.  Adv.  ScL,  26th  meet- 
ing, NashviUe.  1877.  p.  300. 

Pterygotut  cummingti. 

— Description  of  a  new  Cmstacean 

from  the  Water  Lime  ^oap  at  Buffalo. 
In  Bull.  Buffido  Soo.  Nat  Soi.,  voL  8,  1875, 
p.l. 
Emarout  n.  g. 

— On  new  species  of  Eu9arcu9  and 

Pterygotus  from  the  Water  Lime  group 
»t  Buffalo. 

In  BolL  BuffiUo  Soc.  Kat.  Sol.,  vol.  8, 1875,  p. 
17,  plate. 

Susarotu,  Pterygotut. 

Ckuenwaldt  (M.)  Beitrage  zur  Kennt- 
niss  ddf  sedimentareu  Gebirgsforma- 
tionen  des  Ural. 

In  M6m.  Acsd.  Sci.  St.-P6t«r8bourg,  7th  se- 
ries, vol.  2,  No.  7,  1860.  6  pis. 

PhiUipifia,  LeperdUid, 

Chiettard  ( E.  -T. )  M^moire  sar  les  ardoi- 
ai^ros  d'Angers. 

InH6m.  Acad.  Sci.  Paris,  1767,  p.  52,  pis.  7-8. 
Reprint:  AmHierdam,  1768. 

The  author  in  his  memoir  on  the  geology  of 
Angers  gives  desoriptionn  an<l  figures  of  several 
Trilobites.  These  were  afterwards  described 
by  Alex.  Brongniart  under  the  genus  Ogygia 
and  named  by  this  author  Ogygie  de  Quettard 
and  O.  dstmarettii. 

Haldeman  (S.  S. )  On  the  supposed  iden- 
tity of  ^fop«  frih'n^attM  with  Triarthrus 
beckii. 

In  Am.  Jonr.  Soi.,  2d  series,  vol.  5b  1846,  p. 
107. 

Hall  (Charles  E.)  Contribution  to  paln- 
ontogy  from  the  Museum  of  the  Second 
Geological  Survey  of  Pennsylrania. 

In  Proc.  Am.  Philos.  Soc.,  PhUa.,  vol.  18, 1877, 
p.  821. 

Euryptsrus. 

Hall  (James).  Description  of  two  species 
of  Trilobites  belonging  to  the  genus 
Faradoxidea,  I 


Hall  (James)~Continued. 

In  Am.  Jour.  Soi.,  1st  series,  vol  33,  183a  p. 
138, 2  figs. 

Read  before  the  Yale  Natural  History  Sooiet  j, 
March  21, 1837. 

ParmdoKidet  beetii,  P.  eatawL 

—  Trilobites  of  the  inferior  stratii. 

(Extracted  and  pubUshed  in  advance  of  the, 
"  PaUeontology  of  New  York.*'  voL  1,  Albany, 
1846,  p.  225,  pU.  60-67.) 

OUnut,  Pkacopt,  Odlymene,  PUUynohu,  2H- 
nucletu,  Ataphui  Itoteltu,  AmdaspU,  Oeraurut, 
lUcBMu,  AgnottuB, 

Paleeontology  of  New  York.    Vol.  1. 

Containing  descriptions  of  the  organic 
remains  of  the  lower  divisions  of  the 
New  York  system.  Albany,  1847,  iOO 
pis. 

Oienut,  Phaeopt,  Calymene,  Platynotut,  Tri- 
nueUtu,  Ataphut,  ItoUlut^  Aeidatpis,  Cerau- 
rut,  lUcenut,  Agnottut. 

Remarks  on  the  observations  of  S. 

S.  Haldeman  **  Ou  the  snpjiosed  itien- 
tity  of  Atopt  trilineatua  with  2Yiarikru9 
beckii." 

In  Am.  Jour.  ScL,  2d  series,  vol  5, 1818,  p.  322, 
10  wood-outs? 

Descriptions  of  new  s))ecie8  of  fos- 
sils, and  observations  upon  Home  others 
previously  not  well  known,  from  the 
Trenton  limestones. 

In  Third  Kept  New  York  State  Cabu  Nat. 
Hist,  1850,  p.  167,  6  pis.  (2  eds.). 

Ataphut  extant. 

This  species  was  used  by  Mr.  E.  Billings  for 
the  type  of  Bathyurut, 

Description  of  new  or  rare  species  of 

fossils  from  the  Palieozoic  series. 

In  Bept.  Geol.  Lake  Superior  Land  Dlst. 
(Foster  and  Whitney),  1851,  pt.  2,  p.  203,  pU. 
22-35. 

Harptt  eteanabuB,  DUulooephalut.  Proetut^ 
Pkaeopt  anehiopt,  P.  ealUcephalut,  Ataphut 
barrandii  traoks  of  a  Crustacean  f 

PaIa)ontoIogy  of  New  York.    Vol.  2. 

Containing  descriptions  of  the  organlo 
remains  of  the  lower  divisions  of  the 
New  York  system.  Albany,  1852,  104 
pis. 

Phaoopt,  Proetut,  Calymenty  Homalonotut, 
Arget,  Lichat,  Acidatpit,  Ceraurut,  CfybeU, 
Bumattit,  Beyrichia,  Oytherina^  Onchut. 

Notes  on  some  fossils  of  the  so-called 

Taconic  system  described  by  Doctor 
Emmons. 

-   In  Am.  Jour.  ScL,  2d  series,  vol.  19,  1855,  p, 
434. 
Olenut  (EU^toeephalut)  ataphoidet. 
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HaU  (James) — Continued. 

Description  of  new  species  of  fossils 

from  the  Carbonifetons  limestone  of  In- 
diana  and  Illinois. 

Bead  in  1856  and  pablished  separately  by  tbe 
aothor.  See,  alao,  Trans.  Albany  Inst.,  vol.  1, 
pt.  1. 1857,  p.  1. 

Offiherina  carb^naria. 

Descriptions  of  these  fossils,  with  additional 
notes  by  B.  P.  Whitfield,  were  published  in  the 
Ban.  Am.  Mas.  Nat.  Hist,  Kew  York,  voL  1,  No. 
3,1882. 

Tlie  original  descriptions,  with  additional  ob- 
•ervation  by  James  Hall,  with  the  plates  firom 
B.  P.  Whitfield's  memoir,  were  pabllshed  io  the 
12th  Annual  Rept  Geol.  Kat  Hist.  Indiana, 
1882,  pp.  321-375,  pis.  29-82. 

The  Trilobites  of  the  shales  of  the 

Hudson  River  gronp. 

In  Twelfth  Rept  New  York  State  Cab.  Kat 
Hist,  1850,  p.  50,  8  wood-outs.  See,  also,  Pa- 
IflMmt.  New  York,  vol.  3,  1850;  GeoL  Vermont, 
▼oL  1,  1861;  13th  Bept  New  York  State  Cab. 
Nat  Hist,  1880. 

(HtHtit  thomptonit  O,  vermontono,  FtUura 
{OUmu)  hohpyge, 

Geological  Survey  New  York.   Palce- 

ontology.  Vol.  3.  Containing  descrip- 
tions and  figures  of  the  organic  remains 
of  the  Lower  Helderberg  group  and  the 
Oriskany  sandstone.    1855r'59. 

Pt  1,  text,  1850;  pt  2,  pLUes,  1881, 120  pis. 

Proetut^  Phacopt,  Dalmania,  Homalonotut, 
Lieha$,  A^datpia,  Bronteut,  Eurypterus,  DolU 
ckopUrug  n.  subgenus,  PUrygotus,  LeptrdUia^ 
Beyrichia,  Ceratioearis,  Olentts  thompioni,  O. 
vtrmontana,  Peltura  (Olenui)  kolopyge, 

Description  of  new  speeies  of  fossils 

from  the  Silurian  rooks  of  Nova  Scotia. 

In  Canadian  Naturalist^  voL  5, 1860,  p.  144. 

Homalonotut  dawtoni  HaU,  Oalymene  blu' 

9»enbaehii,   Datmcfnia  logani  Hall,  Beyriehia 

pnttuhta  Hall,  B.  aqOatera  Hall,  LeperdUia 

iHalL 


Contributions  to  palffiontology,  1858 

And  1859.  Notes  and  observations  upon 
tbe  fossils  of  the  GUmiatite  limestone  in 
'the  Marcellus  shale  of  the  Hamilton 
^ronp  in  the  eastern  and  central  parts 
of  the  State  of  New  York,  and  those  of 
the  Goniatite  beds  of  Hockford,  In- 
diana ;  with  some  analogous  forms  ftom 
the  Hamilton  group  proper. 

In  Thirteenth  Rept  New  York  State  Cab. 
Kat  Hist,  1860,  p.  05. 

Proetui  dorit  BaiL 

—  Note  upon  the  Trilobites  of  the  shales 
of  the  Qu3bec  gronp  in  the  town  of 
Oeorgia,  Vermont. 
Ball.  63 3 


Hall  (James)— Continued. 

In  Thirteenth  Bept  New  York  State  Cab. 
Nat  Hist,  I860,  p.  113. 

Barrandia  n.  g. 

This  term  was  used  by  Frederick  McCoy, 
in  1844,  for  a  genus  of  Trilobites. 

BtOhynottu  n.  g. 

New  species  of  fossils  from  the  Hud- 
son River  group  of  Ohio  and  the  West- 
ern States. 

In  Thirtedtath  Bept  New  York  State  Cab. 
Nat  Hist,  1860,  p.  110. 

Oaiymene  ehriityi,  Proetu*  parvituculus, 

(}eol6gical   Survey   of  Wisconsin, 

Description  of  new  species  of  fossils 
from  the  investigatious  of  the  survey, 
etc.  Report  of  the  superintendent  of 
the  Geological  Survey,  exhibiting  the 
progress  of  the  work,  January  1, 1861, 
p.  U. 

JkUtnaniUt,  Odtymene^  llkBnut. 

—  Preliminary  notice  of  the  Trilobites 
and  other  Crustacea  of  the  Upper 
Helderberg,  Hamilton,  and  Chemung 
groups.  * 

Author's  edition,  published  in  1861, 11  pis., 
170  pp. ;  15th  Bept  New  York  State  Cab.  Kat 
Hist.  1862.  p.  82. 

OUnelltu  n.  g.,  Proetut,  Phaeopt^  Dalmania, 
Cio^iiMns,   HomaUmotut^   Liehat,   Acidaspitf 
Beyriehiat  LeperdUia. 
Note  on  the  genus  Cypricardites. 

In  Fifteenth  Bept  NewYork  State  Cab.  Nat 
Hist,  1861,  p.  102.  Plate  illustrating  cerUin 
genera  and  species  described  by  T.  A.  Conrad 
in  the  5th  Annual  Bept  PaL  Dept  New  York 
Geol.  Survey,  1841,  pi.  11  (reprint). 

Dieranurut,  pi.  11,  fig.  1;  Atpidolitst,  pi.  11, 
fig.  2 ;  AddatpU  tubereulatut,  pi.  11,  fig.  8. 

Note  upon  the  Trilobites  of  the  Hud- 
son River  group,  in  the  town  of  Georgia, 
Vermont. 

In  Geol.  Vermont  vol  »,  1861,  p.  367,  pi.  13. 
Barrandia,  B,  vermontana,  Bathynotus,  B» 
hohpyga, 

PalsBontology  of  Wisconsin.  Re- 
marks upon  the  condition  of  the  fossils 
in  the  rocks  of  the  several  formations. 
Catalogue  of  fossils  known  io  the  Palae- 
ozoic formations  of  Wisconsin,  with 
observations  upon  some  of  the  known 
species  and  descriptions  of  several  new 
forms. 

Geoi  Survey  Wisconsin,  vol.  1, 1862,  p.  425. 

On  a  new  Crustacean  from  the  Pots- 
dam sandstone.  A  letter  addressed  to 
Principal  Dawson^  dated  Albany,  Oct, 
31,  lb62. 
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Hall  (JameA)^— CoDtinned. 

In  C«ii»diAii  NatnraUit,  vol.  7. 1862.  p.  448, 
figure.  See  The  Geologibt,  voL  0,  London,  1^68, 
p.  247.  figure. 

Agla$pU  n.  g. 

On  the  occnrrenoe  of  Crostacean  re- 
mains of  the  genera  CeiraHoaarU  and 
Dithyrooariz,  with  a  notice  of  some  new 
species  from  the  Hamilton  gronp  and 
Oenesee  slate. 

In  Sixteenth  Bept  New  York  State  Cab.  Nat. 
Hist.,  Albany,  1863,  p.  71,  plate. 

Preliminary  notice  of  the  fanna  of 

the  Potsdam  sandstone,  with  remarks 
upon  the  previously  known  species  of 
fossils,  and  description  of  some  new 
ones  from  the  sandstones  of  the  Upper 
Mississippi  Valley. 

In  Sixteenth  Kept  New  York  State  Cab.  Nat. 
Hilt.,  1863,  p.  119.  6  pis.  Sapplemontary  note, 
p.  110. 

Dikdoeephalus,  TriarthreUan.  g.,  Oonoeepha- 
hu,  Arionellus,  Charioeephaiu*  n.  g.,  PtyehoM- 
piM  n.  g ,  Liehcu,  llhenuru*  n.  g.,  Amphiotif, 
Agncftui,  Pemphigatpis  n.  g.,  AgUupis. 

—  Notice  of  some  new  species  of  fossils 
from  a  locality  of  the  Niagara  group  in 
Indiana,  with  a  list  of  identified  spe- 
cies from  the  same  place. 

In  Trans.  Albany  Inst,  yol.  4.  1864,  p.  195. 
Anther's  edition  pablishcd  Hay  2, 1863,  pp.  1-84. 

Dalmania,  OyphcupU,  Liehoi. 

Plates  of  the  species.  28th  Bept.  New  York 
Stote  Hub.  Nat  Hist.,  1879. 

— —  Account  of  some  new  or  little  known 
species  of  fossils  from  rocks  of  the  age 
of  the  Niagara  group. 

In  T  went  leth  Rept.  New  York  State  Cab.  Nat 
Hist.,  1867,  p.  305,  21  pis.  Originally  printed 
in  advance  for  the  18tb  Report  New  York  State 
Cab.  Nat  Hist.,  1864.  Revised  edition,  Albany, 
1870,  with  22  pis. 

DcUmania,  OaXymene,  Lichtu,  Aeid€upi9, 
Ceraurus,  Sphcarexoehus,  JUcmus,  Bncrinurxu, 
SronUut, 

•^—  Geological  Survey  of  the  State  of 
Wisconsin,  1859-^63,  Pal»ontology. 
Ft.  3.  Organic  remains  of  the  Niagara 
gronp  and  the  associated  limestones. 
94  pp.,  18  pis.    Albany,  1871. 

The  same  was  pablished  in  1864  in  advance 
for  the  18th  Rept.  New  York  State  Cab.  Nat 
Hist,  1867,  nnder  the  title  of  "Account  of  some 
new  or  little  known  species  of  fossils  from  rocks 
of  the  age  of  the  Niagara  gronp."  See  20th 
Rept.  New  York  State  Cab.  Nat  Hist,  rev. 
edition,  1870,  p.  847. 


Hall  (James)— Continued. 

Dttscriptions  of  new  species  of  fossils 

from  the  Hudson  River  gronp  in  the 

vicinity  of  Cincinnati,  Ohio. 

In  Twentyfonrth  Rept  New  York  State 
Mna.  Nat  Hist,  Albany,  1872,  p.  225.  1  pi. 

PablUhed  Oot,  1871,  in  advance  of  the  State 
I       Cab.  report. 
I  LeperdUia,  Beyrichia, 

Descriptions  of  new  species  of  Cri- 

I      uoids  and  other  fossils  from  strata  of 
I      the  age  of  the  Hudson  River  group  aud 
Trenton  limestone. 

In  Twenty-fonrth  Rept  ^ew  York  8Ute 
Mas.  Nat  HiBt^  1872,  p.  905,  8  pit. 

Daimania  brevieept,  Proeiu*  parpiutevlut. 
Advance  sheete  of  this  article  were  printed 
and  distributed  in  November,  1866.  except  the 
first  four  species  of  CHnoidea  mentioned  in  the 
foot-note  on  p.  905,  which  were  first  pablished 
'  in  1871  in  a  pamphlet  entitled  "  New  apecies  of 
fossils  firom  the  Hndson  River  group  in  the 
vicinity  of  Cincinnati,  Ohio." 

The  fauna  of  the  Niagara  group  in 

central  Indiana. 

Docamenta  only  of  Twenty>eighth  Rept 
New  York  State  Hus.  Nat  Hist,  1876,  34  pis. 

The  fauna  of  the  Niagara  in  central 

Indian.'!. 

In  Twenty«ighth  Rept.  New  York  State 
Hus.  Nat  Hist.  1879,  p.  90,  34  pis. 

Oypheupit^  DalmanUeM,  Odonloctphalus,  CkUy- 
meru,  HomaJUniotm,  Liehcu,  Ceraurua,  IU<Bnu9, 
BeyHchia,  Leperditia. 

Illustrations  of  Devonian  fossils: 

Gasteropoda,  Pteropoda,  Cephalopoda, 
Crustacea,  and  Corals  of  the  Upper 
Helderberg,  Hamilton,  and  Chemung 
groups,  etc.  Albany,  1876, 7  pp. ,  133  pis* 
Pro€tu«,  PhiUipaia  {BraehymttopMtt),  Pha- 
eop$,  Dalmanitet,  Oalymen^,  Homalonotiu,  Li- 
ehas,  Aeidatpit  (TerattupU),  DUhyrocarU,  Cfera- 
tioearit. 

Descriptions  of  new  species  of  fossils 

from  the  Niagara  formation  at  Waldron, 
Indiana.  * 

In  Trans.  Albany  Inst,  vol.  10,  1883,  p.  57. 
Read  1879,  and  pablished  separately  in  1881. 

AeidaspU  fimbriata,  IlkenuM  (Bunuutus), 
Ioxu», 

Description  of  the  species  of  fossils 

found  in  the  Niagara  gronp  at  Waldron^ 
Indiana. 

In  EleTonth  Ann.  Rept  for  1881,  Dept  Geol. 

Nat.  Hist  Survey  Indiana,  1882,  p.  217.  86  pis. 

Cyphatpit,  DalmanitM,  OdtnitocephcUus.  C(e%- 

nuM,  Homalonottu,  Lichat,  AcidatpU,  lUcmtu, 

BryrichiOy  LeperdUia, 
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Hall  (James)— Continued. 

Note  on  the  Eurypteridm  of  the  De- 

Tonian  and  Carboniferous  formations 
of  Pennsylvania,  ^rith  a  sopplementary 
note  on  the  StyUmurua  excelsior. 

In  Ptoc.  Aui.  Assoc.  Adv.  Sci.,  33d  meetiog, 
Phila.,  1884,  p.  420. 

Eurypteridae  from  the  Devonian  and 

Carboniferous  formations  of  Pennsyl- 
vania.    With  6  pis. 

BxtrAotedRept  Prog.  PPP.,  2d  QeoL  Survey 
Penneylvaiiia,  1884. 

Note  on  the  Eurypteridm  of  the  De- 
vonian and  Carboniferous  formations 
of  Pennsylvania. 

In  Seoond  Geoh  Survey  Pennsylvania,  Bept 
Prog.  PPP.,  1884, 6  pis. 

Surypterus^  Doliehoptenu,  Pterygottu,  Stylo- 
itttnu,  Ewrypteru9  (Anthraeonectes)  maiimen$i$ 
M.  &W. 
-^—  Description   of  a   new   species   of 
Stylonurua  from  the  Catskill  group. 

In  Thirty-sUth  Kept.  New  York  State  Mns. 
Nat.  Hist.,  1884,  p.  76,  pi.  5. 

StylonuTUM  exeeUicr  Hall. 

There  was  a  short  notice  of  this  species  pub- 
lished by  D.  S.  Martin  (Trans.  New  York 
Acad.  Sci.,  vol.  2,  1882,  p.  8).  This  notice  was 
baaed  upon  a  cast  of  the  carapace  in  the  New 
York  State  Museum,  which  had  been  labeled 
with  name  and  locality  by  Prof.  James  HalL 

and  Tyhitfiold  (R.  P. )    Descriptions 

of  new  species  of  fossils  from  the  vi- 
cinity of  Louisville,  Ky.,  and  the  Falls 
of  the  Ohio. 

In  Twenty-fourth  Kept.  New  York  State 
Mua.  Nat.  Hist.,  1872,  p.  181,  pi.  13.  figs  20  and  21. 

lUcenus  eomigenu  H.  &.  W. 

Geological   Survey  of  Ohio. 

Vol.  2.  Geology  and  palffiontology. 
Ft.  2.  Palaeontology.  1875,  p.  67,  pis. 
1-12. 

Proetut,  Dalmaniat  Calymene,  Liohaa,  Encri- 
nuruM,  Leperditia  {Itochilina),  BeyrUhia,  Pl%^ 
muUtes. 

— Palaeontology. 

In  XT.  S.  Geol.  ExpL  40th  Parallel,  vol.  4,  pt 
•  2, 1877,  7  pis. 

DikeOocephdlut,  OonocephalUes,  OrepiceplM- 
h»M  (Loganellvs),  Ptyehaspit,  ChariocephcUtta, 
Bathywrut,  Proetus,  Ogygia,  AgnostuM. 

and  Clarke  (John  M.)    Geological 

Survey  of  the  State  of  New  York. 
Palaeontology.  Vol.  VII.  Text  and 
plates,  containing  descriptions  of  the 
Triio bites  and  other  Crustacea  of  the 
Oriskany,  Upper  Helderberg,  Hamil- 
ton, Portage,  Chemung,  and  Catskill 
groaps.    Albany,  1888,  236  pp.,  36  pis. 


Hall  (James)  and  Clarke  (John  M.)~ 
Continued. 

Trilabita:  Calymene,  Homalonotut,  Bran- 
teut,  Phaeops,  Dalmanites  subgen.,  Haut- 
manni  n.  s.  g.,  Coronura  n.  s.  p.,  Cryphcetig, 
OdwUoctphalus,  Coryeephalus,  Ohasmops,  Li- 
ohat  subgen.,  Terata»pis,  Conolichat.  Hoplo- 
chas,  Arge$,  Oeratoliehas,  Proetus,  Phcethonidet, 
OyphcupU. 

Xiphosura:  Protolemulus,  Suryptertu,  Stylo- 
nuruM. 

Phyllocaridflp :  Ceratioearig,  EchinocarU,  Ely- 
moearU,  TropidocarU, 

Pina>caridse:  Megothyran.fi. 

RhJnocardie:  RhinoearU  n.  g. 

DiscinooaridsB :  SpattdocarU,  DipterocarU. 

Decapoda:  PakeopcUcBmon. 

Phyllopoda :  EHheria,  Schizoditcus  n.  g. 

Cirripidse :  Protobiilaniu. . 

Paheocrensia :  StropbiUpig  n.  g.,  TurriUpat. 
Hancock  ( Abbany ).  Remarks  on  certain 
vermiform  fossils  found  in  the  mountain 
limestone  districts  of  the  north  of  Eng- 
land. 

In  Kept.  28th  Meeting  Brit  Assoc  Adv.  Soi., 
1858,  Tran.  of  Sec,  p.  80. 

Tracks  of  Trilobltes. 

Harlan  (Richard).  Critical  notices  of 
various  organic  remains  hitherto  dis- 
covered in  North  America. 

In  Trans.  Geol.  Soc  Pennsylvania,  vol  1,  pt 

1. 1834,  p.  46,  1  pi. 

The  author  herein  describes  two  species  of 
Eurypterug  and  gives  a  list  of  North  American 
Trilobltes. 

Eurypterug  remipeg  De  Kay,  E.  laetutrig 
Harlan. 

Notice  of  nondescript  Trilobites  from 

the  State  of  New  York,  with  observa- 
tions on  the  genus  Triarthnte,  etc. 

In  Trans.  Geol.  Soc.  Pennsylvania,  vol  1,  pt. 

2. 1835,  p.  263,  pi.  15. 

Paradoxideg  triarthrus  Har.,  P.  arcuaiua 
Har. ,  P.  gearaboideg  Brong. 

Medical  and  physical  researches,  or 

original  memoirs  in  medicine,  surgery, 
physiology,  geology,  zoology,  etc. 
Phila.,  1835,  36  pis. 

Contains  a  republication  of  the  above  articles 
nnder  Harlan,  pp.  253-313  and  400-403. 

Hartt  (C.  F.)  Fossils  of  the  Primordial 
or  Acadian  group  at  St.  John. 

In  Acadian  Geology,  the  geological  struct- 
nre,  organic  remains,  and  mineral  resources  of 
Nova  Scotia,  etc.,  by  J.  W.  Dawson.  2d  ed., 
London,  1868,  pp.  641-C57;  also  3d  ed.,  1878, 
with  supplement  (wood-ruts). 

Paradoxideg,  Conocephaldeg^  Microdigcug,  Ag- 
nogtug. 

Mr  C  P.  Hartt  In  his  oriirlnal  doscription  of 
Microdigcug  davisoni  Hartt,  desrribrd  thespo- 
cIm  under  the  new  generic  nmne  of  DatogonUn, 
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Hartt  (C.F.)— Continued. 

In  the  Acadian  Geolo^  the  tpeoies  Is  placed 
under  the  genus  Mierodueus  on  the  aathority 
of  Mr.  E.  Billings,  of  the  Canadian  Geological 
Survey. 
Appendix  B.  List  of  l^ew  Brans- 
wick  fossils. 

See  Bailey's  "  Observations  on  the  Geol.  of 
Southern  New  Brunswick,  etc.,"  1865,  p.  143. 

and  Rathbon  (Richard).    Morgan 

Expedition,  187(W71.  On  the  Devonian 
Trilobites  and  Molliisks  of  Erer^,  Prov- 
ince of  Par^  Brazil. 

In  Anuals  Lyceum  Nat.  Hist.  New  York, 
Tol.  11,  1875,  p.  110. 

Dalmania  paUuna  H.  &  R.,  HomdUmMMi 
oiara  H.  ic  B. 

^auer  (F.  von).    Ueber  Barrande's  Ver- 

suoh  einerClassifikation  der  Trilobiten. 

In  Sltsungsber.  d.  Winn.  Akad.    Math.-na- 

turw,  Classe,  V,  p.  804,  1850. 

Haulp  (K.)    Die  Fanna  der  Oraptboli- 

tengest. 

In  LauBitzische  Mag.,  vol  44,  Gorlits,  1878,  p. 
75,  pi.  6. 
BeyricAio. 

Hawle  (Ignaz).    See  Corda  (A.  J.  C.) 

and  Hawle  (Ignaz). 
Hayden  (F.  V.)    See  Meek  (F.  B.)  and 

Hayden(F.  v.). 
Heidenhain  (F.)    Ueber  Graptholiten- 

fUtirende  Diluvial-Gesohiebe  der  nord- 

cicutschen  Ebene. 

Ill  Zeitschr.  Deutsch.  geol.  Gesell.,  vol.  21, 

IStta,  p.  l43,  plate. 

(\ilymen6  blumenbachi,  Dalmanite*  eaudata, 

Vdffatoplewra    ovata,    O.    nutica,     CyphcupU, 

Umnalonotut,  BeuriehiaUoeden,  B.  maeeoyana, 

I;,  iMbtreulattUi. 

HeUman  (A.)    Die  Petrefacten  Thtirin- 
geiiB.    Cassel,  1866,  5  pts.,  24  pis. 

lyahnania  tuberculata,  Addoipitbuehi,  Para- 
dfixides  fpinonu. 
Hermann  (L.  D.)    Maslographia  Brigte, 
MaHsel,  1711,  pi.  9,  fig.  50;  pi.  11,  fig. 
44;  pi.  12,  fig.  31. 

Tbe  author  herein  compares  a  fragment  of 
I  he  pygidium  of  an  JEncrinurut  to  a  scollop 
«hdl. 
Herrick  (C.  L.)  A  sketch  of  the  geolog- 
i(ial  history  of  Licking  County,  accom- 
pjiiiying  an  illustrated  catalogue  of 
Cj^rboniferous  fossils  from  Flint  Ridge, 
Obio. 

In  Boll.  Dcnison  Univ.,  vol.  2,  pt  1,  1887,  p. 
ij,  7pU. 

ProetuM,  PhiUipHa,   OriJUhidei,  Braehym^- 
i<fpitt,  Ikilmanitet !. 


Herrick  (C.L.)— ^Continued. 

Appendix  2.    A  Waverly  Trilobite. 

In  Bull.  Denison  D  niv.,  voL  2,  pt.  1, 1887,  p.  «c 
pi.  7,  fig.  14. 

PhUKptia  shunwrdi  Herrick. 

The   geology  of  Licking    County, 

Ohio.     Pt.  IV.  The  Snbcarboniferous 
and  Waverly  groups. 

In  BulL  Denison  Univ.,  vol.  3, 1888,  p.  13,  pis. 
2, 11,  and  12. 

PhUliptia  mtravMuntit  Sh.,  P.  tkumardi 
Her.,  P.  proKwrtoT  Her. 
On  the  TrUobitee  of  the  Ohio  Wa- 
verly group. 

In  Author's  advance  sheets  trom.  the  BnlL 
Denison  Univ.,  voL  4, 1888,  1  pL 

Pro9tu»,  PhagUionidet^  PhiU^tia,  Oythere. 

Notes  upon  the  Waverly  group  in 

Ohio. 

In  Am.  Geologist,  vol.  8, 1889,  p.  04, 4  pis.  (not 
descriptive). 
Hibbert  {Dr,)  On  the  fresh- water  lime- 
stone of  Burdiehou8e,in  the  neighbor 
hood  of  Edinburgh,  belonging  to  the 
Carboniferous  group  of  rocks;  withsnp- 
plementary  notes  on  other  fresh- water 
limestones. 

In  Trans.  lloyal  Soo.  fidinburgh,  voL  18, 1838, 
p.  169.  pi.  9. 

The  author  gives  reduced  figures  of  Euryp- 
terut  remipet  De  Kay  and  E.  lacuttrit  Harlan, 
taken  from  Dr.  Richard  Harlan's  article  on 
"Organic  Remains  of  North  America.'* 

Hicks  (Henry).  Note  on  the  genus 
AnopolenuB. 

In  Quart.  Jour.  GeoL  Soc.  London,  voL  21, 
1865,  p.  477,  figures. 

AnopoleniM. 

Description  of  new  species  of  fos- 
sils from  the  Longmynd  rocks  of  St. 
David's. 

In  Quart  Jour.  Geol.  Soc.  London,  voL  27, 

1871,  p.  399,  pL  15. 

Paradoxids9,  Plutonia,  Conoeoryph*^  Micro- 
diacuM,  Agno$tut,  LeperdUiaf. 

On  some  undescribed  fossils  from  the 

Menevian  group,  with  a  note  on  the  En- 
tomostraca  by  Prof.  T.  Rupert  Jones. 

In  Quart  Jour.  GeoL  Soo.  London,  vol.  28, 

1872,  p.  173,  pis.  5-7. 

AnopUnui,  Oerautia  n  g.,  Erinnyt,  Cono- 
eoryphe,  ArUmeUut,  HolocephaHna,  Affnottut, 
Leperditia,  Entomit. 
On  the  Treraadoc  rocks  in  the  neigh- 
borhood of  St.  David's,  South  Wales, 
and  their  fossil  contents. 

In  Quart  Jour.  (Jeol.  Soc  London,  vol.  29^ 

1873,  p.  89,  3  pis. 
Jfeteuretut  n.  g.,  KiQb$, 
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Hicks  (Henry )~Coiitinaed. 
Descriptions  of  new  species  of  fos- 
sils  from    the   Arenig   groap   of    St. 
David's. 

In  Quart.  Jonr.  G^L  Soo.  London,  vol.  31, 
1876,  p.  182,  3  pis. 

Phaeopa,  Oaljim^ne,  TrintuUut,  Ampym,  Bar- 
rmndiOy  JSgUna,  Plaeoparia,  ItUenui,  lUctnop- 

tur. 

Appendix  to  Fossiliferops  Cambrian 

shales,  near  Cffimarvon,  by  J.  £.  Marr. 

Is,  Quart.  Jonr.  Oeol.  Soo.  London,  roL  32, 
1876.  p.  185. 

Oofyocariff,  JEgUna. 

Hioinger  (W.)  Anteckningar  i  physik 
och  geognosi  under  resor  nti  Sverige 
och  Norrige.  Stockholm,  8  pts.,  1828- 
'40. 

The  first  three  parts  contain  scarcely  any- 
thing on  Crustacea;  the  remaining  parts  con- 
tain only  ennmerations  of  fossils,  without  de- 
scriptions. 

Oytherlna  phateoku  His.,  pt  5,  pi.  8,  flg.  3. 

-»—  Tableaa  des  petrifications  de  la 
SoMe  distributes  en  ordre  syst^ma- 
tiqae.    Stockholm,  1829. 

This  work  ennmerates  40  species  of  Silorian 
Cmstaoea  previonsly  described  by  J.  W.  Dal- 
man. 

The  second  edition  of  this  work  bears  the 
title '"Esqoisse  d^on  tableaa  des  petrifications 
de  la  Sadde,"  Stockholm,  1831. 
•  This  work  contains  43  pages  and  a  syste- 
matic table  of  the  fossils,  in  which  46  species 
of  fossil  Crustacea  are  mentioned. 

Lethsa  Svecica,  sea  petrificata  Sye- 

ciiB  ioonibns  et  oharacteribus  illustrata 
daobus  supplementis.  Holmiffi,  1837- 
Ml,  4to,  42  pis. 

The  first  part  of  this  work  was  published  in 
1835  under  the  title  **Iconee  petrifies' orum 
SToeiie.  Fas.  I.  Anlmalla  artlonlata  et  mollasca 
Cephalopoda."  The  plates,  1  to  10,  were  sent 
by  the  author  only  to  his  fHends.  In  1837, 
Lethea  Sreciea  was  published;  it  contained 
124  pages  snd  38  plates.  The  first  three  are 
nuurked  A,  B,  C.  Th*"  fossil  Crustacea  de- 
scribed in  this  work  are  those  of  J.W.Dal- 
man*s  Palieadema,  with  copies  of  his  descrip- 
tions and  figures.  The  second  supplement, 
published  at  Stockholm  in  1840,  contains  eleven 
pages  and  three  plates.  Figures  and  descrip- 
tions of  Oalymene  eiav^frofu,  Agaphtia  (Tri- 
nucUui)  teetieomit,  A.  cyllarut  {Trinudem) 
mnd  OafymeM  (OhHrwrus)  ipeeiota.  "Lethtea 
Sredoa,  sen  petrificata  Sveciie,  supplemeota 
•ecnndi  oontinuaUo,"  w«s  published  at  Stock- 
iM^m  in  1841 ;  it  contains  six  pages  and  three 
plates  (68-^).    Figures  and  description  of  a 


Hoenlnghaus  ( F.  W. )  Beschreibung 
fiber  Abbildungen  von  Calymene  atach- 
noidea.    Crefeld,  1835,  1  pi.  (*) 

Ueber    die    Versteinernngen    des 

Uebergangs-Thonschiefers    von    Weis- 
senbach im  Dillenburgschen.  (*) 

In  Isis  (Oder  Encyol.  Zeitung).  Oken,  1830,  p. 
06 ;  Keues  Jabrbach  fur  Mineral.,  1831,  p.  341. 
Oalymene  macrophthalma. 

Trilobiten     der     geognostlschen 

Sammlang.    Crefeld,  1843,  plate.     {*) 

Aeaphtu  dalmani. 

Harpea  reflexus.    Crefeld,  1847,  1  p., 

Ipl. 

Hoffinan  (£.)  SSmmtliche  bis  jetzt  be- 
kannte  Trilobiten  Russlands. 

In  Yerhandl.  mss.  k.  miDeral.  Gesell.  sn  St. 
Petersbuig,  1857-'58,  p.  21,  7  pis. 

Proetue,  PhiUipna,  Phueope,  Ohaemops, 
Calymene,  Lichat,  Ampyx,  Aeaphtts,  CkeiruruSt 
Sphan'exoehut,  Zethut,  Encrinurus,  Amphion, 
Bronteus,  iltonut,  NUeue,  Agnottus. 

HoU  (F.)  Handbnch  der  Petrefacten- 
kande,  et<}.    Dresden,  1841,  p.  155. 

Oalymene^  Aeaphus,  NUew,  lUcenus,  Lichat, 
Ampyx,  Ogygia,  Olenue,  BaUue. 

The  author  gives  short  descriptions  of  the 
Trilobites  described  by  Alex.  Brongniart.  J. 
W.  Dalman,  E.  Eiohwald,  von  Sohlotheim, 
and  others. 

Holl  (H.  B.)  See  Jones  (T.  Rupert)  and 
HoU(H.  B.). 

HoUier  (E.)    On  a  specimen  of  HomaJo- 
notua  delphinooephalus  found  at  Dudley. 
Trans.  Msnohester  Geol.  Soo.,  vol.  0, 1669, 
p.  28. 

Holm  ( Gerhard  ) .  Anteckningar  om 
Wahlenberg's  Illcenus  oraasicauda. 

In  Sveoska  Yetensk.  Akad.  Forhandl.,  1880, 
Na  4,  p.  3,  Stockholm,  pi.  5. 

Bemerknngen  Uber  Illcenua  craaai- 

cauda  Wabl. 

In  Zeitechr.  deutsch.  geoL  Gesell.,  voL  82,  pt. 
2-4,  1880,  p.  659,  pi.  23. 

Ueber  einige  Trilobiten  aus  dem 

Phyllograptus-Schiefer  Dalekarliens. 

In  Kongl.  Svenska  Vet  Akad.  HandI.,vol.6. 
No.  9, 1882,  pi.  5. 

Pliomera  tomguUH,  MegalatpU  daleearlieua, 
Ampyx  pater,  Agnoi^tt  tomquisti,  Trilobitee 
brevifrone. 

De  Svenska  artema  af  Trilobitolag 

tet  lUodnua  Dalman. 

In  KongL  Svenska  Vet.  Akad.  Hand!., vol  7, 
Na  3. 1882, 6  pis. 
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Holm  (Gerhard)— Coutinued. 

Om  thoraxlederaas  antal  bos  Para- 

doxides  testnni  BroDgn. 

In  Geol.  Fdreningens  Stockholm  FoibandL, 

vol.  9, 1887,  p.  40& 

Om  f5rekou]BteD  af  en  Croziana  i 

ofversta  Olenidskifferii  vid  Knifvinge  i 
Vrela  Kloster  Sock  en  i  Ostergutland. 

In  OeoL  FdreniDgess  Stockholm  FSrhaodL, 
vol.  0,1887.  p.  412. 

Om  OleHtUua  kjerulfi  Linrs. 

lo  Geol  Forenlngens  Stockholm  Ffirh&ndL, 
vol.  9, 1887.  p.  493,  phi.  14, 15. 

Honeyman  (D.)  On  new  localities  of 
fossiliferous  Silnrian  rocks  in  eastern 
Nova  Scotia. 

In  Canadian  Natnraliat.  vol.  5, 1800.  p.  293. 

Dr.  J.  W.  Dawson  adds  a  note  to  this  paper, 
describing  Homalonotui  datp§on%  Hall.  fig.  1, 
with  notes  on  other  foesils. 

On   tbe  geology  of  Arisaig,  Nova 

Scotia,  with  a  note  by  Prof.  T.  Rupert 
Jones. 

In  Quart.  Jour.  GeoL  Soo.  London,  vol.  26, 
1870.  p.  490. 

The  note  by  Prot  T.  R.  Jones,  on  p.  492.  on 
some  Entomostraca  from  Aritaig.  mentions  the 
following  genera : 

Beyriehia,  L^perdUia,  PrimiHa. 

Notes  of  examination  by  Prof.  James 

Hall  of  the  Silurian  collection  of  the 
Provincial  Museum,  by  the  Rev.  D. 
Honeyman. 

In  Proc.  and  Trans.  Nova  Sootian  lost.  Nat 
Set,  vol.  7,  pt.  1,  1886,  p.  14. 
Ataphut  dUmar$ice  Honeyman. 

The  Giant  Trilobite  of  Moose  River 

Iron  Mine,  Nova  Scotia. 

In  Proc.  and  Trans.  Nova  Scotian  Inst.  Xat. 
Sci..  voL7,  pt  1, 1888,  p.  63. 

In  this  article  Dr.  D.  Honeyman  refers  Aia- 
phut  dUmartice  t«  Dr.  Jacob  Green's  Ataphuaf 
erjfpturut,  giving  a  copy  of  the  original  descrip- 
tion of  that  species  from  Trans.  Geol.  Soc. 
Pennsylvania,  voL  1,  pt  1,  1834,  p.  37. 

How  (Honry).  Notice  of  the  occurrence 
of  a  Trilobite  in  the  Lower  Carbonifer- 
ous limestone  of  Hants  County. 

In  Proc.  and  Trans.  Nova  Scotian  Inst  Nat 
Sci.,  vol.1, 1867,  ptl,  p.  87. 

Button  (F.  W.)  On  a  Trilobite  from  New 
Reefton,  New  Zealand  new  to  Australia. 
In  Proc.  Linn.  Soc.  New  South  Wales,  sec- 
tion 2,  vol.2,  1887-'88,  p. 267. 
Huzley  (T.  H.)  Observations  on  the 
structure  and  affinities  of  Himaniopte- 
rus. 

In  Qaart  Jonr.  Geol.  Soo.  London,  vol.  12, 
1856,  p.  34. 


Hiudey(T.H)  and  Salter  (J.  W.)  Mono- 
graph of  the  fossil  Crustacea  forming 
the  genus  PterygotuSy  with  its  anatomy 
and  affinities. 

In  Mem.  GeoU  Survey  United  Kingdom.  De- 
scription of  Brit,  organic  remains.  Monograph 
No.  1.    London.  1859,  atlaa  of  16  pU. 

and  Etheridge  (Robert).  A  cata- 
logue of  the  collection  of  fossils  in  the 
Museum  of  Practical  Geology,  with  au 
explanatory  introduction.  London, 
1865. 

A  catalogue  of  the  Cambrian  and 

Silurian  fossils  in  the  Museum  of  Prac- 
tical Geology.     London,  1878. 

This  catalogue  waa  drawn  np  hy  Mr.  E.  T. 
Newton,  under  Prof.  T.  H.  Huxley's  superin- 
tendence. 

Tbe  specimens  were  named  by  Mr.  Robert 
Etheridge,  palieontologist  to  the  Geological 
Survey  of  Great  Britain. 

Jackson  (Charles  T.)    Nouveau  gisenient 
de  Trilobiiesd^couvert  pr^  de  Boston. 
In  Comptes  Bendus  Acad.  Sci.  Paris,  vol.  43, 
1856,  p.  883. 

Paradoxid€$   tettini,  P.  harlani,  P.   ipinxt- 

Sur  un  moule  du  Paradoxides  harlatii. 

In  Comptes  Rendus  Acad.  Sci.  Paris,  voL  46, 
1858,  p.  254. 

James  (J.  F.)  Catalogue  of  fossils  of 
Cincinnati  group,  published  by  order 
of  the  Committee  on  Palseontoloiify, 
Cincinnati,  1871. 

James  (U.  P.)  Palaeontology.  Cata- 
logue of  Lower  Silnrian  fossils  of  Cin- 
cinnati group,  found  at  Cincinnati  and 
vicinity,  etc.    Cincinnati,  April,  1875. 

Supplement  to  Catalogue  of  Lower 

Silurian  fossils  of  the  Cincinnati  group, 
etc.    Cincinnati,  July  10,  1879. 

Descriptions  of  new  species  of  fossils 

from   the  Cincinnati  gronp,  Ohio  and 
Kentncky. 

In  The  Palanintologist,  Cincinnati,  No.  7, 
April  16, 1883. 

Tracks  of  Crustacean  (f ),  pi.  2,  fig.  4. 

Johnstnip(Fr.)  Oversigtoverde  palieo* 
zoiske  Dannelser  paa  Bornholm  meddelt 
paa  det  lite  Skandinaviske  Natur- 
forskermede  i  Kjobenhavn,  1873,  p.  299. 

Jones  (T.  Rupert).  On  Permian  Ento- 
mostraca. 

In  Monograph  of  Permian  Fossils  of  Bug- 
land  (King),   Pal»ont.  Soc  London,    voL  8, 
1849-'54,  p.  68. 
Cythere, 
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Jonea  (T.Ruperfc)— Coutinued. 
Notes  on  the  Ent'Omostraca. 

In  Quart.  Jour.  Geol.  Soc.  London,  vol.  9, 
3853.  p.  160,  pi  7,  figs.  5-7. 

Beyrichia, 

This  article  forms  Appendix  B  to  a  paper  on 
the  Carboniferoas  and  Silurian  formations  of 
the  neighborhood  of  Bussaco,.in  Portugal,  by 
Senbor  Carlos  Ribeiro,  with  notes  and  a  do- 
soription  of  the  animal  remains  by  D.  Sharpe, 
T.  W.  Salt«r,  and  T.  B.  Jones,  etc.  See  same 
journal,  p.  135,  pis.  7-9. 

Notes  on  the  PalaBozolc  bivalved 

Entoiiiostraca.  No.  1.  Borne  species 
from  the  Upper  Silurian  linjestone  of 
Scandinavia. 

In  Annals  Mag.  Nat.  Hist.,  2d  series,  Lon- 
don. Tol.  16, 1855,  p.  81,  pi.  5. 
B^yriehia. 

Notes  on  Palaeozoic  bivalved  Enlo- 

mostraca.  No.  2.  Some  British  and  for- 
eign species  of  Beyriohia. 

In  Annals  Mag.  Nat.  Hist.,  2d  series,  Lon« 
don.  vol.  16. 1855,  p.  163,  pi.  6. 

B^yriehia* 
— r-  Notes  on  PalsBozoic  bivalved  Ento- 
mostraca.  No.  3.  Some  species  of  i^^- 
diiia. 

In  Annals  Mag.  Nat.  Hist.,  2d  series,  Lon- 
don, vol.  17. 1856.  p.  81,  pU.  6-7. 

Leperditia. 

Notes  on  the  Palaeozoic  bivalved 

Entomostraca.  No.  4.  North  American 
apecies. 

In  Annals  Mag.  Nat  Hist.,  3d  series,  London, 
T<^  1,  1858, p.  244,  pis.  9, 10.  See,  also,  Rogers's 
Final  -Bept.  Geol.  Survey  Pennsylvania,  1858, 
pt2»  p.  834,  figs.  695-699. 

Additional  notes  on  Palteozoic  Ento- 
mostraca from  Canada. 

In  Annals  Mag.  Nat.  Hist.,  3d  series,  London, 
vol.  3,  1858,  p.  340. 
Leperditia,  Jtochilina, 

On  the  Palaeozoic  Entomostraca  of 

Canada. 

In  Geol.  Survey  Canada,  figure  and  descrip- 
tion of  Canadian  organic  remains,  decade  8, 
Montreal,  1858,  p.  91,  pi.  2 ;  also  Annals  Mag. 
Nat  Hist,  8d  series,  London,  vol.  1, 1858,  p.  244, 
pL9. 

Beyrichia,  LeperdiHa,  JtochUinia  n.  g.,  Oy- 
theroptit. 

Explanation  map^.    The  geology 

of  the  neighborhood  of  Edinburgh,  by 
H.  H.  Howell  and  A.  Qeikie ;  with  ap- 
pendix and  list  of  fossils,  by  J.  W. 
Salter. 

In  Mem.  Geol.  Survey  Gt  Brit,  London.  1861. 
p.  137,  pi.  2,  fig.  6. 


Jonea  (T.  Rupert)— Continued. 

Prof.  T.  Rupert  Jones  herein  uses  the  name 
of  JSntomig  for  certain  fossils.  For  a  full  ge- 
neric description,  see  Annals  Mag.  >^at  Hist, 
4th  series,  London,  vol.  11,  1873,  p.  413. 

A  monograph  of  the  fossil  E8ih€ri(r. 

In  Palaeont.  Soc.  London,  vol.  14, 1862, 134  pp., 
5  pis. 

Estheria,  Leaia  n.  g..  Beyriehia,  Oandmia, 
Oypridea. 

Note  on  Eaiheria  niddendorfii. 

In  Quart  Jour.  GeoL  Soc  London,  vol.  19, 
1863,  p.  73. 

On  fossil  Eaiheria  and  their  distribu- 
tion. 

In  Quart.  Jour.  Geol.  Soc.  London,  voL  19, 
1863,  p.  140;  also  Nat.  Hist  Roview,  1863,  p.  262. 

and  Kirkby  (J.  W.)    Notes  on  the 

Palaeozoic  bivalved  Entomostraca.  No. 
5. 

In  Annals  Mag.  Nat  Hist.,  3d  series,  London, 
vol  16, 1865,  pi.  20,  p.  404. 

Leperditia,  CythereUa^  Bairdia,  Cyth&r$. 

and  Holl  (H.  B.)    Notes  on  the  Pa- 

Iffiozoic  bivalved  Entomostraca.    No.  6. 

In  Annals  Mag.  Nat  Hist.,  3d  series,  London, 
vol.  15, 1865,  p.  414,  pi.  13. 

PrimiHa  n.  g. 

and  Kirkby  (J.  W.)    Notes  on  Pa- 

liBozoio  bivalved  Entomostraca.    No.  7. 
In  Annals  Mag.  Nat  Hist,  3d  series,  London, 
V(ri.l8,1866,p.32. 
^ntomoconchus^  Daphnia^  Bairdia^  Cythere. 

and  Holl  (W.  B.)  Notes  on  Palaeo- 
zoic bivalved  Entomostraca.  No.  8. 
Some  Lower  Silurian  species  from  Chair 
of  Kildare,  Ireland. 

In  Anuals  Mag.  Nat.  Hist.,  4tb  series,  Lou* 
don,  voL  2, 1868,  p.  54,  pL  7. 

PrimUia,  Oythcre,  Bairdia. 

and  Holl  (H.  B.)  Notes  on  Palaeo- 
zoic bivalved  Entomostraca.     No.  9. 

In  Annals  Mag.  Kat.  Hist,  4th  series,  Lon- 
don, vol.  3. 1869,  p.  211,  pis.  14. 15. 

Oyihere,  Bairdia,  Beyrichia,  FrimUia,  Thlip- 
sura  n.  g.,  p.  213;  Oytherellina  n.  g.,  p,  215; 
KirJdtya  n.  g  ,  2£ovea  n.  g.,  JEchmina  n.  g.,  p. 
217. 

On  ancient  Water-fleas  of  the  Ostra- 

codous  aud  Phyllopodous  tribes  (bi- 
valved Entomostraca). 

In  Month.  Microsc.  Jour.,  vol.  4,  London, 
1870,  p.  184,  pi.  61. 

LeperdUia,  Bairdia,  Thliptura,  Cythere,  Cfy- 
therella,  Oytherellina,  JEchmina,  Carbonia,  Oy- 
pridina,  Cypridelia,  OypreUa,  Entomoc(mch\i$, 
Entomit,  Primitia,  Kirkbya,  Moorta,  liockUi- 
nia,  Beyrichia,  Leaia,  Estheria, 
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Jonea  (T.  Rupert)— Cod  tin  aed. 

On   some   bivalved   Entomosiraoa 

from  the  Coal  Measaresof  Soath  Walee. 

In  Geol.  Mag..  Tol.  7, 1R70,  p.  214,  pL  9. 

Cytheroid  Bntomoetiae*. 

——  On  the  Palieozoic  bivalved  Ento- 
moBtraoa. 

In  Proo.  Geologist  Amoo.,  1870. 
— ^  Note  on  the  Entoroostraca  from  the 
Cambrian  rocks  of  St.  David's. 

In  QoArt  Joar.  GeoL  Soc.  London,  toL  28, 
1873,  p.  183,  pL  6. 
lAptrdiHa,  Entomit,    Larral  trilobito  t 
This  paper  forms  a  part  of  Henry  Hicks's  ar- 
tlde  on  some  nndescribed  fossils  fhnn  the  Me- 
nevian  Group.    Same  Jour.,  p.  178. 

Notes  on  the  Palsoioic  bivalved  En- 

tomostraca.    No.  10. 

In  Annals  Mag.  Nat  Hist,  4th  series,  Lon- 
don, ToL  11,  1873,  p.  ilS. 

Entomit^  EntomideUa  n.  g. 

— »-  On  some  bivalved  Entomostraoa, 
chiefly  Cypridenidse  of  the  Carbonifer- 
ous formations. 

In  Qnart  Jour.  GeoL  Soc  London,  toL  20, 
1878,  p.  400. 
Sukuna  n.  g.,  OypnUa. 

Ancient  Water-fleas,  etc.    Pt.  2. 

In  Monthly  Mioroso.  Jour.,  toL  10,  London, 

1873,  p.  71. 
CytJurt,  ThUptura, 

— —  Notes  on  some  forms  of  British  Ento- 
mostraoa from  the  Silurian  rocks  of 
Peeblesshire. 

In  Trans.  Edinborgh  GeoL  Soo.,  roi.  2,  pt  8, 

1874,  p.  821. 

Beyriehiat  BaWdia,  BntomU. 

,  Kirkby  (J.  W.)  and  Brady  (M.  P.) 

Monograph  of  British  fossil  bivalve 
Entomostraoa  from  the  Carboniferous 
formations. 

In  Palaoont.  Soo.  London,  1874. 
Pt  1.  The  Cy  pridinadtD  and  their  allies,  5  pis 
Ojfpridina,  Aiteropt,  PhUatMdei,  Bradyeifu- 
tut,  EurypyluM,  Oanchoecia,  Halocyrit,  Hetero- 
detmu*,  Polpeopg,  OythMteUa,  Oypridinslla  n.  g., 
OyprideUinan.  g.,  OypridsUa,  Sulcuna,  OypnUa, 
Bkambina  n.  g.,  EtUomoconehuSt  Ojfa  n.  g., 
Ckadoeopa,  Platycopa, 

and  Kirkby  (J.  W.)    Notes  on  the 

Palaeozoic  bivalved  Entomostraca.  No. 
11. 

In  Annals  Mag.  Nat  Hist,  4th  series,  Lon- 
don, voL  15, 1875,  p.  52,  pi.  8. 

Beyriehia,  L^perdUia,  Primitia,  Bairdia,  Oy- 
there,  Oytheretta, 
Notes  on  some  fossil  bivalved  Ento- 
mostraca. 

In  Geol.  ^6kg.,  decade 2,  vol  5, 1878,  p.  100,  pi.  8. 

Eithere,  Oyprit,  (kmdontt^  Cfypridia. 


Jones  (T.  Rupert)  and  Kirkby  (J.  W.) 
Description  of  the  species  of  the  Ostra* 
codons  genus  Bairdia  McCoy,  from  the 
Carboniferous  strata  of  Great  Britain. 

In  Quart  Jonr.  GeoL  Soc.  London,  yol.  85, 
1870,  p.  586^  5  pis. 

Notes  on  the  Palsozoio  bivalved 

Entomostraca.  No.  12.  Some  carbonif- 
erous species  belonging  to  the  genus 
Carhonia  Jones. 

In  Annals  Mag.  Kat  Hist,  5tb  series,  Lon- 
don, voL  4,  1878^  p.  28,  pis.  8  and  3. 

Ourbcnia  n.  g. 

Notes  on  the  Palaeozoic  Entomos- 
traca. No.  13.  EnUnnis  serrato-striata 
and  others  of  the  so-called  Cypridineo 
of  the  Devonian  schist  of  Germany. 

In  Annals  Mag.  Nat  Hist ,  5th  series,  Lon- 
don, 78,p.l82,pLll. 

Notes  on  some  Paheozoic  Entomos- 
traoa. 

In  GeoL  Msg.,  decade  3,voL  8^  1881,  p.  887,  3 
pis. 

OypridSnaf,  Oyprotii,  LeperdiHaf,  EntomU, 
PritniHa,  Beyriehia,  Cyprotina  n.  g.,  Polycope, 

Notes  on  some  Pal»ozoic  Entomos- 
traca. No.  14.  Some  Cambrian  and 
Silurian  Leperditia  and  PrimiUa. 

In  Annals  Mag.  Nat  Bi8t.,5th  series, Lon- 
don, ToL  8, 1881,  p.  882,  pis.  10, 20. 

and  Schmidt  (F.)    On  some  SQn* 

rian  Leperditia, 

In  Annals  Mag.  Kat  Hist,  5th  series,  Lo&^ 
don,  TOLO,  1882,  p.  168. 

Notes  on  some  Palseozoic  bivalved 

Entomostraca.    No.  15. 

In  Annals  Mag.  Nat  Hist ,  5th  series,  Lo&. 
don,  voL  10, 1882,  p.  858,  figs.  1  a,h. 
PrivMtia, 

Notes  on  the  PalsDOzoio   bivalved. 

Entomostraca.  No.  16.  1.  Some  PaliecH 
zoic  and  other  bivalved  Entomostraca 
fhun  Siberian  Russia,  pi.  6.  2.  Some 
Paleeozoic  bivalved  Entomostraca  from 
Spitzbergen,  pi.  9. 

In  Annals  Mag.  Nat  Hist,  5th  series,  Lon- 
don, ToL  12, 1883,  p.  243,  pis.  6  and  0. 

EfUwfMt^  Leperditia^  Eetheria^  Primitia. 

— -  Notes  on  the  late  Mr.  Tate's  speci- 
mens of  the  Lower  Carboniferous  Ento- 
mostraca from  Berwickshire,  North-- 
nmberland. 

In  Proc.  Berw.  Nat  Club,  vol.  10, 1884, 1  pL 
Candona  f,  Bemiz,  Garbonia,  Macroeypeief;. 
Leperditia,  Beyriehia,  Kirkbya,  Oythere,  OyA^ 
reUa,Eetkeria,I>arwineUaf. 
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Jones  (T.Bnpert)— Continued. 
-^—  Notes  on  the   Palieozoio   bivalved 
Entomostraca.     No.   17.  Some   North 
American  Leperditia  and  allied  forms. 
In  A  rmalft  ICag.  Nat.  Hist.,  5th  series,  Lon- 
don. ToL  14, 1884,  p.  888. 

Leperditia,  ItockiUna,  PrimitUt. 
-»^  Report  of  the  committee,  consisting 
of  Mr.  R.  Etheridge,  Dr.  H.  Woodward, 
and  Prof.  T.  Rapert  Jones  (secretary), 
on  the  fossil  Pkyllopoda  of  the  Pal»o- 
soic  rocks. 

In  Bept.  S3d  Meeting  Brit*  Asso.  Adv.  ScL. 

1883,  p.  215. 

Hymenocarit,  Caryoearii,  LingtUoearit. 

—  Second  report  of  the  committee  con- 
sisting of  Mr.  R.  Etheridge,  Dr.  H. 
Woodirard,  and  Prof.  T.  Rapert  Jones 
(secretary),  on  the  fossil  Pkyllopoda  of 
the  Palaeozoic  rooks. 

In  Bept  5ith  Meeting  Brit.  Assoc  Adv.  Sci, 

1884.  p.  75;  Oeol.  Mag.,  n.  s.,  decade  2,  vol.  10, 
1883,  p.  461. 

and  Kirkby  (J.  W.)    On  some  Car- 

-  boniferons  Entomostraca  from  Nova 
Sootia. 

In  Geol.  Mag.,  n.  s.,  decade  3,  vol.  1, 1884,  p. 
856.  pL  12. 

LeperdiHa,  Beyrichia,  Ottrhonia,  Oandonaf, 
Oytktrt^  Sstheria,  Leaia,  Primi^  or  Beyrichia. 

and  "Woodward  (Henry).    On  some 

Palaeozoic  Phyllopoda. 

In  GeoL  Mag.,  n.  s.,  decade  8,  vol.  1,1884,  p. 
348. 

i>ifein<Mam,  Spathiooaria,  Pholadocarii,  LU- 
goearia,  BOiptoearie,  Cardioearit,  Dipterocarit, 
Pteroearie,  OreeeentiUa,  Aptychopeie,  Peltocarie^ 
Pinnocar%$. 
— —  Notes  on  the  Palaeozoic  bivalved  En- 
tomostraca. No.  18.  Some  species  of 
the  EntomididiB. 

In  Annals  Mag.  Kat.  Hist.,  5th  series,  Lon- 
dim,  VOL  14. 1884,  p.  391,  pi.  15. 

Eniomii,  BoJJbozoe^  Bnltomidtilla. 

and  Woodward  (Henry).    Notes 

on  the  British  species  of  Ceratiocaris. 

In  GeoL  ^'ag.,  n.  s.,  decade  3,  vol.  2, 1885,  p. 
885.  pL  10.    Continued,  ibid.,  p.  460. 

Kirkl>y  (J.  W. )   Notes  on  Palaeozoic 

bivalved  Entomostraca.  No.  19.  On 
some  Carboniferons  species  of  the  Os- 
tracodons  genns  Kirkbya, 

In  Annals  Mag.  Nat.  Hist.,  5th  series,  Lon> 
don,  voL  16, 1885,  p.  174,  pi.  3. 

and  HoU  (H.  B.)    Notes  on   the 

Palaeozoic  bivalved  Entomostraca.  No. 
20.  On  the  genns  Beyrichia  and  some 
new  species. 


Jones  (T.  Rupert)  and  HoU  (H.  B.)— 
Continued. 

In  Annals  Mag.  Nat.  Hiat.,  5th  series,  Lon- 
don, vol.  17.  lf<86,  p.  337,  pi.  12. 

Beyrichia^  BoUia  n.  g.,  Kkedenia  n.  g. 

Notes  on  the  Palaeozoic  bivalved 

Entomostraca.  No.  21.  On  some  Silu- 
rian genera  and  species. 

In  Annals  Mag.  Kat.  Hist,  6th  series,  Lon- 
don, vol.  17, 1886,  p.  403,  pis.  13, 14. 

Strepula  n.  g.,  BoUia,  PlaeerUula  n.  g.,  Pri- 
mitia. 

and  Kirkby  (J.  W.)    Notes  on  the 

distribution  of  the  Ostracoda  of  the 
Carboniferous  formation  of  the  British 
Isles. 

In  Abstracts  Proc.  Geol.  Soc.  London,  ses^ 
sion  1885.'86,  No.  489,  p.  86. 

On  Carboniferous  Ostracoda 

from  the  Gay  ton  borings,  Northamp- 
tonshire. 

In  GeoL  Mag.,  n.  s.,  decade  3,  vol.  3,  Londoxr, 
1886,  p.  248,  pi.  7.  • 

Kirkbya^  Bytkoeyjnrie^  Macroeyprit,  Oythe- 
reUa, 

Notes  on  the  Palceozoic  bivalved 

Entomostraca.  No.  22.  On  some  undo- 
scribed  species  of  British  Carbonileroos 
Ostracoda. 

In  Annals  Mag.  Kat.  Hist,  5th  series,  Lou< 
don,  vol.  18, 1886,  p.  249,  pis.  ^9. 

BythocyprU,  Oythere  /,  LeperdiHa,  Beyrichia, 
Primitiaf,BeyriehieUaf,  Kirkby  a,  Moorea,  Cy- 
thereUa,  Bathocythere,  ArgiUceeia,  Aglaiaf, 
Xutoleberieff  Macroeyprit,  Carb<mia,  Bairdia. 
On  some  fringed  and  other  Os- 
tracoda from  the  Carboniferous  series. 

In  Geol.  Mag.,  n.  s.,  decade  8,  vol.  3,  London,. 
1886,  p.  434,  pla.  11, 12. 

BeyriohiopHi  n.  g.,  BeyriehieOa  n.  g.,  Bey^ 
richia. 
On  Palffiozoic  Phyllopoda. 

In  Geol.  Mag.,  n.  s.,  decade  3,  vol.  3,  London% 
1886,  p.  456. 

Ceratioearit. 

Notes  on  the  distribution  of  the* 

Ostracoda  of  the  Carboniferous  forma- 
tions of  the  British  Isles. 

In  Quart.  Joor.  Geol.  8oc.  London,  vol.  47,, 
1886.  p.  496. 

Beyriehiopaii,  Phreatura  n.  g.,  Toungia  n.  g;. 

This  generic  name  was  used  for  a  new  gennsi 
of  TrUobites  by  Lindstrom  in  1885. 

Xote.— Since  this  paper  was  read  many  of  th9 
speoies  have  been  described  and  figured  in  the< 
Annals  Mag.  Kat.  Hist,  for  October,  1886,  andl 
in  the  Geol.  liitkg.  of  the  same  date.  Others  ini 
the  Proc.  Geologist  Assoc.,  voL  9,  1886. 

Fourth  report  of  the  committee,  con* 

sisting  of  Mr.  R.  Etheridge,  Dr.  H. 
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Jonea  (T.  Rupert)— Continued.  * 
Woodward,  and  Prof.  T.  Rapert  Jones 
(secretary),  on  the  fossil  Phyllopoda  of 
the  PalsBozoic  rockn^  18b6. 

In  Rept.  66th  Meeting  Brit  Amoc.  Adv.  Sol., 
1688,  p.  229. 

Oeratiocaris,  SiMntlezoe,  Xiphouirii,  Pkyto- 
carU,  Cryptozoe. 

and  Kirkby  (James  W.)    A  lUt  of 

the  genera  and  species  of  bivalved  £n- 
tomostraca  found  in  the  Carl>oniferous 
formations  of  Great  Britain  and  Ireland. 
With  notes  on  the  genera  and  their 
distribution.  , 

In  Proc.  Geologist  Assoc,  voL  9, 1886,  p.  495. 

I.  Cypridinida) :  1.  Cypridma,  2.  Cypridi' 
nsUa,  3.  CypridelUna,  4.  CyprideUa,  5.  Sulcuna, 
C  OypreUa,  7.  BrcKiydnetiu,  8.  Philotnedet,  9. 
Shembina,  II.  Entooioconchids:  1.  EiUomo- 
eonchtit,  2.  Offa,  II L  Polycopidn :  1.  Poly  cope. 
IV.  Entomldide:  1.  Entomit.  V.  Cytherel- 
lldie:  1.  OythereUa.  VI.  Leperditiidas :  1.  Le- 
perdiHa,  2.  Bemix,  8.  B0yrichia^  4.  BeyriehieUa, 
5.  BeyriehioptiMf  0.  Kirkbya,  7.  Moorea,  8. 
PAreaturo.  VII.  Cyprididje:  1.  Aglaia,  2. 
Candona,  3.  ArffiUceeia,  4.  2^heroeypru,  5.  By- 
thoeypris,  0.  Bairdia.  VIII.  Dawinulidie:  1. 
Davnnxda.  IX.  CytheHdee:  1.  Cythere,  2. 
Xestoleberit,  8.  Bythoeythtrtt  4.  Car6<mia,  6. 
Toungia. 

,  Etheridge  ( R.  )  and  Woodward 

(H.)  Fifth  report  of  the  committee, 
consisting  of  Mr.  R.  Etheridge,  Dr.  H. 
Woodward,  and  Prof.  T.  Rupert  Jones 
(secretary),  on  the  fossil  Phyliopoda  of 
the  Palseozoio  rocks,  18d7. 

In  Rept  57tli  Meeting  Brit  Assoc  Adv.  Sci., 
1887,  p.  60. 

Om-aUoearU,  DithyrocarU,  Leaia,  EiUuria. 

" —  Notes  on  the  Paleozoic  bivalved 
Entomostraca.  No.  23.  On  some  Silu- 
rian genera  and  species  (continued). 

In  Annsls  Msg.  Hat  Hist,  6th  series,  Lon* 
don,  vol.  19, 1887,  p.  117,  pis.  4-7. 

Maerocyprit,  Pontoeyptu^  Bythoeypria,  Cfy- 
there,  Oytherella,  Primitia. 

Prof.  T.  Rapert  Jones  remarks  in  thisimper: 
"Now  that  not  only  Oy there  bat  its  allied 
genera  have  been  fally  elacidated  in  the  living 
state,  it  is  foond  that  the  genus  does  not  com- 
prehend many  of  the  fossil  forms  onoe  referred 
to  it.  Whether  these  really  bvlong  to  the 
Cytheridce  or  to  the  Cyprididce  it  is  often  diffi- 
cult to  say ;  but  tlie  genus  Oythere  comprises 
very  few  of  the  smooth  eubovate  forms,  and 
none  tliat  have  toothless  hinges.  Hence  we 
find  that  a  real  Cythere  is  scarcely  known  in 
Palieozoio  strata." 

Notes  on  the  Palajozoic  bivalved  En- 
tomostraca. No.  24.  On  some  Silurian 
genera  and  species  (continued). 


Jones  (T.  Rupert)— Continued. 

In  Annals  Mag.  Nat  Hist,  6^  series,  Lon- 
don,  vol  19, 18«7,  p.  400,  pis.  12, 18. 

IfiUptura^  Oetonaria  n.  g.,  BoUia,  Primitia, 
Moorea,  XestoMitrxM,  Achmina, 

Notea  on  some  Silurian  Ostracoda 

from  Gothland.    Stockholm,  It^,  S  pp. 

Beyriehia,  Leper^ia^  Primitia^  PrimUioptia 
n.  g.,  Macroeyprie,  BythoeyprU.  ThUptura,  Aeh- 
tm'na,  BuftUeUa  n.  g. 

Notes  on  the  Palseozoic  bivalved  En- 
tomostraca. No.  25.  On  some  Silurian 
Ostracoda  from  Gothland. 

In  Annals  Mag.  Nat  Hist,  6th  series,  Lon- 
don, voL  1, 1888,  p.  395. 

Beyriehia,  Leperditia,  Butomit,  Pnmitia, 
Pritnitiopgis  u.  g.,  Jtacrocypris,  Bythoeypris, 
Thlipeura,  AcAmtno,  BurtuleUa  n.  g. 

Notes  on  the  Palaeozoic  bivalved  En- 
tomostraca. No.  26.  On  some  new  De- 
vouian  Ostracoda,  with  a  note  on  their 
geological  position,  by  the  liev.  G.  F. 
Whidborne. 

In  Annals  Mag.  Nat  Hist,  6th  series,  Lon* 
don,  vol.  2, 1888,  p.  295, 1  pi. 

Kyamodet  n.  g. 

and  Woodward  (Henry).  A  mono- 
graph of  the  British  Palaeozoic  Phyllo- 
poda (Phyllocarida,  Packard). 

In  Paleont  Soc  London,  vol.  41, 1887,  pt  1. 

Ceratioearidce, 

On  some  Scandinavian  Phyllo- 

caridse. 

In  GeoL  Mag.,  n.  s.,  decade  3,  vol.  5,  London, 
1888,  p.  97,  pL  5. 
CeraHoearxM. 

and  others.  Sixth  report  of  the  com- 
mittee, consisting  of  Mr.  E.  Etheridge, 
Dr.  H.  Woodward,  and  Prof.  T.  Rupert 
Jones  (secretary),  on  the  fossil  Phyllo- 
poda of  the  Palteozoic  rocks,  Itiod. 

In  Rept  G8tb  Meeting  Brit  Assoc.  Adv.  Sci., 
1888. 

OeraOoeari*,  Bchinocaria,  Equititidet,  Ely- 
mocaris,  Tropidoearis,  Meeothyra,  DiUiyroearie^ 
Rhinoearie,  Spathioearit,  IHpteroearit,  Eathe- 
rta,  Hymenocarie,  Saeeoearia,  Linffuioearia^ 
Bactropua,  Sehizodiacua. 

Author's  edition,  9  pp.  and  9  wood-cuts. 

and  "Woodward   ( Henry ).     See 

Woodward  (Henry)  and  Jones  (T. 
Rupert). 

See  Schmidt  (Fr.)  and  Jones  (T. 

Rupert). 

Jordan  (H.)  Ueberreste  eines  kleinen 
tiberaus  merkwUrdigen  Crustacees. 
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Jordan  (H.) — Continued. 

In  VerhandL  natur.  Vereins  preaBsisoben 
Sbeinlande,  Jahrg.,  vol.  4,  1847,  p.  89,  pi.  2, 
figs.  1,  2. 

Oampwnvx  (von  Meyer)  n.  g. 

and  Meyer  (H.  yon).    Ueber  die 

CroBtaceen   der  Steinkohlenformation 
TOD  Saarbriicken.    Cassel,  1854,  2  pis. 

GampionyXt  Adelaphthalmut  (Buryptertu), 
OhoTkionotut,  Arthropleura. 

Jukea  (F.)  and  Sowerby  (J.  D.  C.)  An 
account  of  a  new  species  of  Trilobite 
fbond  in  the  Barr  limestone  in  the 
neighborhood  of  Birmingham,  by  Fred- 
erick Jukes,  with  a  note  by  J.  D.  C. 
Sowerby. 

In  Mag.  Nat.  Hist  (London;,  vol.  2,  London, 
18i9,  p.  41,  5  flsEs. ;  Ajd.  Jour.  Sci.,  lat  series, 
voL  23.  1833.  p.  203;  Neues  Jahrbnoh  fOr  Ml- 
Denl.,  1833,  p.  624. 

{Bum<i9te$  barriensit),  Asaphui,  CdiytMne, 

Karaten  (Gusta  v ).  Die  V  ersteinerungen 
des  Uebergangs-Gtobirges  in  den  Ge* 
rollen  der  Herzogthilmer  Schleswig  nnd 
Holstein.    Kiel,  18(>9,  25  pis. 

Olenta,  Ptoetut,  Oypluupit,  Ph<neop§,  Oa^f' 
mefu,  Lichat,  TrtnueUus,  Ampyx,  Asaphut, 
J»otelMM,  CerattruM,  Sphcerexochug,  Encrinurut^ 
KiUuM,  Agnoghu,  Bsyriehiat  Oythere, 
Kayaer  (Emaouel ).  Beitrage  znr  Geolo- 
gie  nnd  Palffiontologie  der  Argentini- 
schen  Repnblik.    Caasel,  1876,  2  pis. 

OUntts.  ArioneUut,  Bathyunuf,  ArethuHna, 
Ampyx.  Asaphua,  Ogygia^  Agnottut,  LeperdiUa. 
*       Die  Fauna  der  altesteu  Devonbildun- 
gen  des  Harzes. 

In  Abhandlongen  snr  geologhicben  Special- 
karte  von  Preassen  nnd  den  thUringischen 
Staaten.  Vol.  2.  pt.  4.  Berlin,  1678.  Atlas,  36 
pis. 

Harpet,  Proetu*,  Oryphceui,  Vyphatpit,  PAo- 
copf,  DalmaniUt^  lAehctt,  Aeidatpis^  BronUui, 
PrimiUa,  JHUtyroearU, 
-^ —  Ueber  Dalmanites  rkenanuSy  eine  Art 
der  5a«»maiiwi-Gruppe,  und  einige  an- 
dere  Trilobiten  aus  den  Slteren  rhei- 
Disctien  Dachschiefem. 

In  Zeitscbr.  DeAtsoh.  geoL  Gesell.,  vol.  32, 
1880,  p.  19,  pi.  3. 

Phaeopt,  Oryphaut,  DalmanUes, 

Deehenellaf  eine  devonische  Groppe 

der  Gattnng  Phillipaia, 

In  Zeitscbr.  Dentsob.  geol.  Gesell,  vol.  32, 
1880,  p.  703.  pL  27. 

DeeheneUaD.  g. 

—  Beitrage  znr  Kenntniss  von  Oberde- 
▼on  nnd  Culm  am  Nordrande  des  rhei- 
nischen  Schiefergebirges;  Arten  aus 
dem  Cnlm  von  Aprath. 


Kayaer  (Emanuel) — Continued. 

In  Jabrbnob  Prense.  geol.  Landesanst.  nnd 
Bergakad.,  Berlin,  1881.  p.  67. 

Philliptia  oequalit,  P.  Umgicomis,  P.  eich- 
vnUdi,  P,  efnarginata. 

Die    Orthocerasschiefer    zwisphen 

Balduinstein  nnd  Laurenberg  an  der 
Lahn.    PalsBontologischer  Anhang. 

In  Jabrbucb  Prenss.  geoL  Landesanst  und 
Bergakad.,  Berlin,  1883,  p.  34,  pi.  3,  fig.  6. 

Phaeopg  feeundut,  Oryphmu  rotund\fr(ms, 
O.koehL 

Mittel-  und  obersilurische  Verstei- 

nerungen  aus   dem   Gebirgsland  von 
Tshan  Tiens. 

In  China  (Bjobtbofen),  vol.  4,  Berlin,  1883, 
p.  37. 

A»aphu9,  CalymenSt  TrinudeM  rtchtho/eni^ 
Enerinurut. 

Oberoarbonische  Fauna  von  Loping. 

In  China  (Riobtbofen),  vol.  4^  Berlin,  1883,  p. 
161. 

PhilUptia  obtutieauda,  pi.  10,  fig.  3. 

Keyea  (Chas.  R.)    On  the  fauna  of  the 
Lower  Coal  Measures  of  central  Iowa. 
In  Proc.  Acad.  Nat  ScL  Pbila.,  1888.  p.  222. 
Oythere  ndfraetnHs. 

Kiesow  (J.  yon).  Ueber  silurisohe  und 
devonische  Geschiebe  West-Preussens. 

In  Sobrlft.  nat.  GeselL  Dansig,  new  series, 
vol.  6, 1884,  p.  205, 3  pis. 

Proetus,  Phacopt,  (kUymene,  Lichair, Ampyx, 
AtopAuf,  Ptychopyge,  IUcbhu*.  AeidagpU, 
Oheirurui,  Bncrintirua,  Beyriehia,  LeperdUia, 
PHmitia,  OytherelUna. 

Ueber  gotlandische  Beyrichien. 

In  Zeitscbr.  Deutsob.  geoL  Gesell.,  vol.  40, 
1888,  p.  1,  2  pis. 

Kinnear  (W.  T.)  Note  on  the  occurrence 
of  a  new  Carboniferous  Crastacean  at 
Ardrois  Castle,  Fife. 

In  Trans.  Edinburgb  Geol.  Soo.,  vol.5. pt3, 
1887,  p.  417. 

Dithyrocitrit,  Pakeoerangan,  CeraHoearii, 
Rottrocarit  n.  g. 

Kinaky  (Ontf  yon).  Schreiben  d6s  H. 
Grafen  von  Kinsky  an  von  Born  tiber 
einige  mineralogische  und  lithologische 
Merk  wtlrdigkeiten . 

In  Abbandlungen  einer  Privat-Gesell.  in  B5b- 
men,  vdL  1,  Prag,  1775,  p.  243. 

Kirkby  (J.  W.)  On  some  Permian  fos- 
sils from  Durham. 

In  Trans.  Tyneside  Nat.  Field  Club,  vol.  3, 
1858,  p.  286. 

On  Permian  Entomostraca  from  the 

shell  limestone  of  Durham.    With  notes 
on  the  species  by  T.  Rupert  Jones. 
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Klrkby  ( J.  W.)— Continued. 

In  Amuds  Hag.  Kftt  Hist,  8d  teriM,  Lob- 
don.  ToL  2. 18581  p.  817. 4  pla. 
Kirkbya,  Oytk^riikt,  Oyth^re,  BaMlia. 

and  Jones  (T.  Bnpert).  On  •Per- 
mian Entonioetraca. 

In  Trans.  Tyneaide  Nat  Field  Clab,ToL4, 
18S0.p.l2S.4pla. 

See,  alao,  lonM  (T.  Rupert)  and  Xirkby  (J. 
W.),  and  lonet  (T.  Bnpert),  Kiricbr  (J.  W.), 
and  Brady  (li.  P.). 

—  On  the  Permian  rocks  of  Son  (h  York- 
shire and  their  Pals&ontologioal  rela- 
tions. 

In  Quart.  Jour.  OeoL  Soc  London,  toL  17, 
ISei.  p.  287. 

Cfythere  (Bairdia),  JETirtfrya. 

-^  On  some  additional  species  that  are 
common  to  the  Carboniferons  and  Per- 
mian strata. 

In  Annala  Mk-  Nat.  Hist.  3d  seriea,  Lon- 
don,yoLlO,1862,p.aOS. 

Ejemlf (Theo.)  VeiTiserved  geolo^i^ke 
Exknrsioner  i  Christiania  og  Omegn. 
Christiania,  1865. 

The  author  herein  gtrea  a  list  of  Norwegian 
Silurian  fossils,  witli  some  notes  and  flgareson 
the  genera  Otratopy^ii,  €yrtomttopu$t  lUcmus, 
Phaeop$. 

Klein  (J.  T.)  Specimen  descriptionis 
petrefactomm  Gedanensinm  order  Oryc- 
tographia  Qedannensis,  etc.  (*) 

In  Nuremberg,  1770,  folio,  pi.  15,  figs.  5-7. 

Oalymeru  Mum&nbttehU. 

Kldden  (K.  F.)  Die  Versteinerungen  des 
Mark  Brandenbarg,  etc.  Berlin,  1834, 
10  pis. 

Oytherina  phoiedtu  Odlyment  blumen- 
baehU,  a  TW.tubereuiata,  O.  TKr.jmleKelta,  O. 
teieropi,  C.ptmetata,  Cconeinnm,  Cpotytomat^ 
Aiaphut  extenuMtuMf,  J..  angtuHfront,  A.  ex- 
panmt,  A.  aurieulatut,  A.  dilatatui,  A.  (like- 
nttf)  era$»ieauda,  A,  (Ampyx)  tuutthuf,  A,ea%^ 
dat%u,  BaUui  pitiformia,  B.  tubereulahu,  pL  1. 
figs.  16-23.  P.  McCoy,  "Brit  Pal  Bocks, "p. 
135,  remarks  on  this  spedes  that  the  name  Bey- 
fiehia  iubereulatui  is  generally  applied  to  fig. 
22  of  Kldden*s  plate,  which  is  a  common  form 
in  the  Ctothland  beds) ;  BaUtu  gigat,  pi  2,  fig.  1. 

Koch  (C.)  Monographic  der  Homalo- 
notus-Arten  des  rheinischen  Uuterde- 
Ton. 

In  Preoss.  geoL  Landesanstalt,  Abhandl., 
Berlin,  1888,  vol  4,  pt  2. 

Koenen  (A.  von).  Die  Kalm-Fanna  von 
Herbom. 

In  Nenes  Jahrbnoh  fttr  KineraL,  1879,  p.  300, 
pis.  6, 7. 

PhiOiptia,  Prottui, 


Koenen  (A.  von) — Continned. 

Ueber  die  Uuterseite  der  Trilobiten. 

In  Keoes  Jahrbueh  f&r  Mineral.,  1880,  toL  1, 
p.  429.  pi.  8,  figs.  9,  10. 

Pkaeopi,  AaaphuMf  Calymene, 

Ueber  Clymenienkalk  and  Mittel- 

Devonien  bei  Montpellier. 

In  Neoes  Jahrbnoh  fUr  MineraL,  1888,  p.  163. 
J>eelc0neUa  eteoH. 

Kolmodin  (Lars).  Bidrag  till  kanne- 
domen  om  Sveriges  Silariska  Ostra- 
coder. 

In  Akad.  Afhandllng  som  med  tillst&nd  af 
Tidtberdmda  Filosoflska  FakoUetens  i  Upaala, 
eto.,  1860.  1  pi. 

Leperditia,  Beyriekia,  Oytheropait,  Elpe, 

Ostracoda  Silarica  Gotlandite  ena- 

merat. 

Ill  Ofrersigt  kongL  Vet  Akad.  FSrhandlin- 
gar.  1879,  No.  9.  p.  133.  pi.  19. 

LepttdUiay  Beyriekia,  Elpe, 

K6nig  (C.  E.)    loones  fossiliam  sectilee. 

Centoria  prima,  text,  4  pp.,  pis  1-8;  Oen- 
toria  seeonda,  pis.  9-19. ;  n.d. 

The  oommon  edition  of  this  work  has  only 
four  pages  of  text  and  eight  plates  (London, 
1839, 4to). 

Oalymene  deeipiene,  p.  2.  pL  3,  fig.  32  {EUipeo- 
eephaltuhojl) ;  Aeaphue  myope,  p.  3,  pL  4,  fig.  53; 
HomaUmotue  n.  g..  H.  knighH,  p.  4,  pi  7,  fig.  85; 
Agnoetue,pL  10, figs.  119,120;  IeoteluegigiU,p'L 
10,  fig.  131;  Aeaphue  extenuatue,  pi.  10,  fig.  122; 

A.  eraeeicauda,  pL  U.  fig.  150;  BeUmirus  n.  g., 

B.  beUvlue,  pL  18,  fig.  230. 

For  a  description  of  the  genus  B^nums,  see 
W.  H.  Baily's  article.  Annals  Mag.  Nat  fflst, 
8d  series.  London,  voL  11, 1863. 

Koninok  (L.-G.  de).  M€moire  ear  lee 
Crastac^  fosdiles  de  Belgiqne. 

In  M4m.  Acad.  ScL  Bmxelles,  toL  14. 1841, 
Ipl. 

Ooldiue  n.  g.,  Aeaphue,  Oyclue  n.  g.,  Oythe- 
rina, Oypridina,  Oyprella  n.  g.  {PhiUipeia  and 
Bronteue), 

Description  dee  animanx  fossiles  qui 

se  tronvent  dans  le  terrain  carboni- 
f^re  de  Belgiqne'.     Li^ge,  lH42-'44. 

Oythere,  Cypridina,  Oyprella,  OypridMa  n.  g., 
Oyelue,  PhiUipeia  brongniarti,  P.  globieqpe^  P,  - 
derbyeneie^  P.  gemmuii/era,  P.  puetuUUat  P- 
Joneeii. 

Reoherches  snr  les  fossiles  paleo- 

zoTques  de  la  Noavelle-Galles  da  Snd 
Aastralie. 

In  M6m.  Soc  Scl.  Lidge,  2d  aeries,  toL  6, 1877. 

Jlkenue,  StaurocephtUue,  Cheirtsrue  Bneri- 
nurue,  Oromue,  Calymene,  Proetue,  lAchae^ 
Bronteue,  Harpee. 
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Koninck  (L.-G.  de)~Contifiaed. 

Reoherohee  Bnr  lea  foasiles  palseo- 

ju^qnes  de  la  Noavelle^Galles  da  Sad 
Aostralie. 

lo  M6in.  Soo.  ScL  Lidge,  2d  series,  vol.  7, 1878. 
mUiptiOf  GriffiihitUi,  Braehymetopm^ 

Snr  nne  noayelle  esp^oe  de  orostao^ 

do  terrain  honiller  de  la  Belgiqae. 

In  BalL  Acad.  So.  BnixeUes,  2d  series,  toI. 
45^  1878,  p.  409,1  pi. 

Braekppjfffe  earbonU. 

The  principal  part  of  this  article  is  a  letter 
from  Dr.  Henry  Woodward  to  L.  G.  de  Koninok. 

Notice  snr  le   Prtstwickia  rotundata 

J.  Prestwich,  d^coavert  dans  le  schiste 
boniller  de  Horme,  pr^  Mons. 

In  Boll.  Acad.  SoL  Bmxelles,  3d  series,  voL  1, 
1881,  p.  91,1  pi. 

Kranee  (A.)  Die  Fanna  der  sogen. 
Beyrlcbien  oder  Choneten-Kalke  des 
norddentschen  Dilnvianis. 

In  Zeitaofar.  Deutsoh.  geoL  Gesell.,  vol.  29, 
Berlin,  1877,  pn.  I  pi. 

Oalymene  blumenbtuhii,  Phaeopt  doipningm, 
Pro^tus  s<m«inta,  LeperdiUa^  JUiftiehia,  Oyth^ 
nUinm,  PrimiHa. 

Kimtsen(K.)    Die  Trilobiten.  (*) 

In  Hns.  Lnzembnrg,  1877. 

Kntorga  (S.)  Beitrage  znr  Eenntn.  der 
organisohen  Ueberreste  dee  Knpfer- 
sandst.  am  westl.  Abbange  des  Urals. 
St.  Petersbnrg,  1838,  p.  22,  pi.  4,  figs. 
1-3. 
HmuUu  oeulatui  Kntorga. 
^oaardd*Eiohwald  (''LethieaBossioa,"  toL 
1,  pu  1360)  nses  this  species  for  a  type  of  his  new 
genuSi  Oowtpyloeephalui. 

Ueber  einige   baltische   silnriscbe 

Trilobiten. 

In  Teriiandl.  rass.  \.  mineraL  (iesell.  sn  St. 
Petersburg,  1847,  p.  287,  plate. 
Ataphutj  Hkgnutt  Enorinurus, 

Einige  8ph(Brexochu8  und  Cheirurus 

aos  den  siluriscben  Ealksteinscbichten 
des  Got.  Si.  Petersburg. 

In  YerfaandL  mss.  k.  mineraL  GeseU.  sn  St 
Petersborg.  1854,  p.  105, 3  pis. 

OheimrM  gem^UzkU,  0,  nutcrophthalmui, 
8phiBr4xoeku$  eranium,  8,  hemieranium,  8. 
flUiiyeramium,  8.  ennrui. 

Lang  (C.  N.)  Historia  lapidam  fignra- 
tomm  Helvetia  ejasqne  yicin»  in  qna 
enarrantar  omnia  eorum  genera,  specie^ 
et  vires.    Venetiis,  1708.  (•) 

Tractates  de  originelapidum  fignra- 

tonim  Helvetise.    Lucernce,  1709.     (*) 


Laspeyres  (H.)  Das  fossile  Phyllopo- 
den-Genus  Leaia, 

In  Zeitsohr.  Dentsch.  ged.  GeselL,  Berlin, 
1870,  p.  783,  1  pL 

LatreiUe  (P.- A.)  Affinities  des  Trilobites. 

In  M6in.  Mas.  Hist.  Nat.,  Braxelles,  vol  7, 

1821,  p.  22 ;  Annals  SoL  Phys.,  Bmxelles,  voL  6. 

La^Krro^v(N.)  Zwei  neue  Asapbus-Arten 
aus  dem  siluriscben  Kalksteine. 

In  Yertiandl.  mss.  k.  mineral.  GeseU.  en  St. 
Petersburg,  1855-'56,  p.  237,  pis.  4, 5. 

Ptjfchopyge  and  MegalagpU,  Trilobi- 
ten der  nnter-silurisohen  Kalksteine. 

In  VerhandL  mss.  k.  mineraL  GeeelL  tn  St 
Petersburg.  1857-^58.  p.  14S,  plate. 

Lebeaoonte  (M.-P.)  Constitntion  g^u6- 
rale  dn  massif  breton  oompar^e  h  celle 
dn  Finist^re. 

In  BnlL  Soo.  06oL  France.  3d  series,  vol.  14, 
1886,  p.  778,  pis.  34-38. 
SomaUmotu$  barroigi^  H.  fuberH,  Ogygite$. 

Lehmann  (J.  G. )  Versnoh  einer  Ge- 
scbichte  von  Flotzgebirgen  betreffend 
deren  Entstehnng,  Lege,  darin  befind- 
lichen  Metalle,  Mineralien  nnd  Fossi- 
lien.    Berlin,  17.56.  (•) 

De  Entrocbis  et  AsteHis.  (•) 

In  Kovi  Corom.  Soi.  Petropol.,  voL  10, 1764, 
p.  429,  par.  12,  l>ar.  12,  figs.  8-10. 

Leuohtenberg  (M.  H.  von).  Besobrei- 
bung  einiger  neuer  Tbierreste  der  Ur- 
welt  von  Zarskoje-Selo.  St.  Peters^ 
burg,  1843,  2  pis. 

A$aphuSt  NUeuSf  Metopieu, 

Lhwyd  (Edward).  Part  of  a  letter  {h>m 
Mr.  Edward  Lbwyd  to  Doctor  Martin 
Lister. 

In  PhUoa.  Trans.  Royal  Soo.  London,  voL  20, 
Ko.  248, 1698.  p.  299,  pUte,  figs.  8, 9HMid  10. 

This  paper  contains  the  earliest  acoonnt  of 
Trilobites.  The  anther  discorered  two  frag- 
ments and  one  entire  specimen  of  Ogygia  buehii 
near  Llandeilo,  in  Carmarthenshire.  Lhwyd 
says  in  his  letter  that  he  did  not  know  what  to 
make  of  these  fossils.  The  Ogygia  (fig.  10)  he 
refers  to  the  skeleton  of  an  unknown  fish.  Fig. 
8  represents  the  head  of  a  species  of  the  genus 
THnwlnti, 

Lithophylacii  Britannici  lobnogra- 

pbia.    Londini,  1699,  23  pis. ;  2d  ed., 
1760. 

This  work  gives  a  catalogue  of  English  fos* 
sUs  contained  in  the  Ashmolean  Museum,  and 
also  several  essays  on  fbssils.  In  the  author's 
article  "  BpistolaL  delapidibusqnibusdamOer* 
mania  aoceptLs,*'  pp.  95-100,  he  alludes  to  an 
Ogygia,  and  remarks :  "  This  ichthyomorphous 
stone  swims  spread  out  on  ita  side,  although  it 
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Lhwyd  (Edward)— Continued, 
does  not  corrMpoikd  to  any  •peolmen  heretofore 
discovered ;  it  does  not  Afcree  in  iu  extenud  ont* 
line  to  your  fossil,  bat  represents  the  skeleton 
of  the  same  or  of  a  sole,  only  the  specimen  is 
striated  on  the  ciroamference.  The  figure  be- 
lonjcs  to  Bt^gloiHum,  or  the  sole  fish,  except  it 
is  somewhat  larger  and  less  compressed  at  its 
extremities,  bnt  it  wants  the  tail  of  a  fish.  We 
call  it  Buglouam  curiam  $trigo$am.  '*  He  also 
gives  a  description  and  figore  of  TrinuoUutJlm- 
briatum  vulgare,  pi.  22, 28,  on  which  R.  I.  Mar- 
chison  afterwards  founded  the  genus  TrinucUui, 

Lindaker  (  T.  J. )  Bescbreibnng  einer 
nocb  nicbt  bekannteu  Kafennascbel.  (*) 

In  Mayer's  Sammlung  phys.  Aufsiitse,  Dres- 
den, vol.  1, 1791,  p.  37.  pi.  1. 

The  author  describes  under  the  name  of 
**Kfigitttrtb  KXfermusehel"  a  TrinueUus  from 
Prague. 

LindatrSm  (G. )  Normina  fossilinm  Sila- 
riensiam  Gk)tlandiiD  Laroverks  program. 
Visby,  lri67. 

Proetut,  Pkaaops,  Caiymene,  Homnlonotut, 
LieJuu,  Aeidatpis,  Trapelocera,  OheiniruB,  Dei' 
phon^  SphoBrexochuM,  Chryptonjfmut,  BrofUeui^ 
BwwutuSf  Eurypterus,  PUrygotui,  CvraCtooa* 
ri$,  Beyriehia,  LeperdiHa,  Oythmvpni. 

List  of  the  fosails  of  the  Upper  Siln- 

rian  formation  of  Gothland.     Stock- 
holm, 1685. 

FSrteckning  p&  G5tland  Silnriska 

Crnstac^r. 

In  Ofversigt  Kongl.  Yet.  Akad.  F5rhand- 
Hngar,  1885.  No.  6.  p.  37,  pis.  12-16. 

HarpeM,  Proettu,  Cfypheupis,  Phmtonides,  Pha 
cops,  Oalymene,  Homalonotut,  Liehas,  Troehu' 
rus,  AcidatpU,  Oheiruru*,  Sphcerexoehtu,  Taun' 
gia  n.  g  ,  Deiphon,  Enerinurus,  IUcenu9,  Bron- 
teut,  Euryptertu. 

Linnarason  (J.  G.  O.)  Cm  de  Silnriska 
bildningarne  1  Mellersta  Westergdt- 
land.   1. 

In  Akad.  Afhandling  som  roed  tillstind  af 
YidtberSmda  Fiioeoflska  Fakulten  i  Upsala, 
etc.,  1866,  2  pis. 

The  Trilobites  are  grouped  as  follows: 
PhacopidfB:  PkMcopt.  Cheiruridao:  PUomera, 
Oyrtometopuit  Uphmrweoehut.  EDcrinuride: 
Oybele,  Acidaspidte:  AeuiMpit.  Lichidcd:  i>i- 
ehat,  Harpedide:  ArrapAiM.  Calymenidie : 
Oalymene,  JSomalonotus.  Aulacopleurids: 
AulaeopUura.  Liostraclde:  Liottraeut.  Ole- 
nid»:  Paradosidee,  OUmu,  PeUum,  Parabo- 
UfM,  Euryeare,  Sphanrophthalmiu.  Bemo> 
plenrides:  Eemopleuridee.  Proetidee:  Forbe- 
tia.  AsaphidfD:  Ataphtu,  MegaUupie,  Pty- 
ehopyge,  Ogygia  f,  Siobe.  IllfBDidie :  UUenuM^ 
llhodope,  NUeut,  Symphyeurue,  JSglina.  Tri- 
nncletd»:  TrinudeuM,  Ampyx,  Lonehodomas, 
Eaphiophorue,  JHonide.  AgnontidB:  Agnot- 
tU9.    Inoertie  sedis:  Holometoput. 


Ziinnarsaon  (J.  G.  O.) — Con  tinned. 

The  author  also  gives  desoHptions  and  fig* 
nres  of  the  following  species :  Phaeopt  puiekel- 
Itu,  Oyrtometopus  latUobuM^  SphcertxoehviM  laU- 
eepi,  L%ek9s  t^gmentatus,  Ogygia  f  apieulaUt^ 
Ilicmue  Umbatue,  Agnoetu*  aJUnit. 

Cm  Vestergdtlands  Cambriska  och 

Silnriska  Aflagringar. 

In  Kongl.  Srennka  Vet -Akad.  HandL,  toI. 
8,  No.  2.  1869,  2  pis. 

Harpee,  Bemopteuridet,  Paradoxidee^  DiktUh 
ospAolfO,  Olenui,  Triarthrue,  CentUtpyge,  Oono* 
corypke,  Anomoeare,  AriontiUuM,  Liettracu*^ 
Etdoma^  Holometoptu,  Proetue,  Harpidee^  Phil- 
liptia^  Pkaeope,  Oalymene,  IIomulonotuM,  IAeha»^ 
2Vinuc2eut,  Ampyx,  Dionide,  Aeaphue,  Mega- 
laepie,  Sympkyeurue,  Stygina,  Ogygia^  Niobe, 
^gUna,  Acidaepie,  Oheirurut.  Spktvrexochue, 
Staurocephalue,  PUomera,  Oybele,  EnerinuruM, 
IHndymene,  Nileua,  Panderia,  Agnoetua,  Leper- 
diHa,  Beyriehia,  PHmitia. 

Diagnoses    speciernm   novarnm    e 

claase  Crnstaceoram  in  depositis  Cani- 
brisis  et  Siloricia  Vestrogotite  Sueciae 
repertamm. 

In  Ofversigt.  Kon|^  Svenska  Yet -Akad. 
FSrhandl..  1860,  No.  1,  p.  191. 

Remopleuridee,  Triarthrus,  Pkaeops,  Trinu- 
eleui,  8ymphyturu»t  Ogygia,  Niobe,  Aeidaepi^ 
Oheirurue,  Oybele,  IHndymene,  Panderia^  Ag- 
noatue,  Lioha*,  Leperditia,  Beyriehia,  Prifmitia, 
TrilobiteM  aenigma, 

Jemforelse  mellan  de  Silnriska  afla- 

gringarne  i  Dalame  och  i  Vestergdt- 
land. 

In  Ofversigt.  EongL  Svenska  Yet.-Aead. 
Fdrhandl..  1871,  No.  8.  p.  389. 

Bemepleuridee,  Trinude%t*f  Proetiu,  Pkaeope, 
Chaemope,  PJUenue,  NUeru  Beyrichia,  PrimiHa, 

Mere  mention  of  ooourrenoe. 

Om  n&gra  forsteningar  f r&n  Sveriges 

och  Norges  "Primordialzon." 

In  Ofversigt  Kongl.  Svenska  Yet.- Akad.  Fdr- 
handl.  1871,  No.  6. 

ParcidoxidsM  kjertU/t,  pL  16,  figs.  1-3. 

Anteckningar  om  den   Cambrisk- 

Silnriska  lagerserien  Jemtland. 

In  GeoL  Fdreningens  Stookh^m  Fdrhandl., 
voL  1,  No.  8, 1872,  p.  84. 

Ofversigt  af  Nerikes  ofverg&ng^bild- 

ningar. 

In  Ofversigt  KongL  Svenska  Yet -Akad.  F5r- 
handl.,  1875,  No.  5.  pi.  6;  Sveriges  G«ologiBka 
Undersokning  Ser.  C,  No.  21, 1875. 

Paradoxidee,  EUipeocephdlus,  Leptoplaetua 
n.  g.,  Beyriehia. 

Trilobiter   fr&n  Vestergotlands  An- 

drarum  kalk. 

In  Gool.  Fdreningens  Stockholm  Forhandl., 
voL  2, 1875,  p.  491. 
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Linnanaon  (J.  G.  O.)— Continued. 

£n  egendomlig  Trilobitfaona  Mn 

Jemtlsnd. 

In  Geol.  PSreninsens  Stockholm  Fdrhandl., 
▼oL  2,  No.  12, 1875,  p.  401,  i^.  22,  flgs.  1-5. 

IHeeUocep^ut  biUingti,  TriarthruM  jernl- 
landietu,  Bemopleuride*  mieropIUhalmu*,jBoh€' 
miUa  (?)  denHeuUUa. 

Tv&   nya  Trilobitor   fr^   Sk&nes 

alnmskiffer. 

In  G«oL  ForeningeoB  Stockholm  Fdrbandl., 
voL  2,  No.  12, 1875,  p.  498. 

LioUraeuM  (T)  tuipefte9,  OyelogtuUhus  n.  t:., 
O.micropyguM. 

Greologiska  iakttagelser  nnder  en 

resa  p&  Oland. 

In  GeoL  Fdreningens  Stockholm  FSrhandL, 
ToL  3.  No.  2, 1876,  p.  71. 

Om  fannan  i  lagren  med  Paradoxides 

blandicM. 

In  STorigesOeologiskanndersdkning,  Ser.  C, 
No.  22, 1877, 2  pl8. 

Paradoxidet,  BUipsoeeplutlut,  Conocoryphe, 
Agnoitut. 

Om  de  palaBozoiskabildningama  vid 

Hnmlenas. 

In  Sveriges  Gleologiskft  Underaokning,  Ser. 
C,  No.  28^1878. 

On  the  Trilobites  of  the  Shineton 

shales. 

In  GooL  Mag.,  new  series,  deeade  2,  vol.  5, 
1878,  p.  188. 

Oonoeorypha^Bemoplewrides, 

Om  fannan  ikalken  med  Conoooryphe 

exBultans. 

In  Sveriges  Oeologiska  XTndersSkning,  Ser. 
C.  No.  35, 1879. 3  pis. 

Paradoxidet,  Liostraeu$,  SoUnopleurt^^  Oono- 
ccnyphe,  Agnostus. 

Ceratopygekalk  och  undre  grapto- 

litskiffer  pi  Falbygden,   i  VeetergSt- 
land. 

In  Geol.  FSroningens  Stockholm  F5rhaodL, 
▼oL  4, 1879,  p.  289. 

Om   fBrsteningame  i   de   Svenska 

lagren  med  Peltnra  och  Sphserophthal- 
mns. 

In  GeoL  Foreningens  Stockholm  ForhandL, 
Tol.  5, 1880,  No.  4;  Sverlges  Geologiska  Under- 
sokning.  Ser.  C.  No.  43, 1880. 

PeUurat  SpheerophtluUmut,  Anopocare,  Cte- 
nopyge  n.g.,  Agnoitui. 

Promemoria   lemnad  af  A.  Q.  Na- 

tborst  for  resa  p&  Oland. 

In  Geol.  Foreningens  Stockholm  Fdrhandl., 
▼oL^No.13,1881. 
— —  De  nndre  Paradoxides  lagren  yid 
Andramm. 

In  Sreriges  C^logiaka  Trnderedkoing,  Ser. 
C  No.  54, 1883,  4  pis. 


lainn^  (C.)    Olandska  och  Gotl^ndska 
resa.    Stockholm  och  Upsal,  1715. 

On  p.  147,  nnder  the  name  of  Entomolithut 
pturadovuM^  there  is  in  this  work  a  ronfrb  Vruod- 
.cut  of  the  pygidium  of  A»aphu9  expantus  Linn. 

WStotgota  resa  forrattad  kr  174G. 

Stockholm,  1747. 

On  pp.  87  and  88  of  this  work  there  are  some 
roagh  wood-cnts  of  Trilobites,  probably  au 
Olewis  and  the  head  of  a  Paradoxides. 

Miiseam    Tessinianum.      HolniiaB, 

1753.  p.  12 1,  pi.  3. 

Bntomolithns,  pi  3,  flg.  2  (Caiym^ne  tubereu- 
latui);  K  paradoxas,  pi.  3,  fig.  1  (Paradoxides 
tessini). 

Skanska  resa.     Stockholm,  1767,  p. 

121. 

Petri  ficatetEDtomollthas  paradoxus 

beskrifed. 

In  Acta  Kegiflo  Acad.  ScL  Holmiens.,  vol.  21, 
1759,  p.  19,  pi.  1,  figs.  1-4. 

Entomolithus  paradoxus,  pi.  1,  fii;.  1  (Olenus 
tpinxdostis) ;  Entom.  paradoxus  8  oantharidum, 
pi.  1,  fig.  4,  head  (OUntts  gibbostu) ;  Entom.  No. 
3,  pi.  1,  fig.  3  (Oalyme^ie  blumenbaohii) ;  Entom. 
No.  2,  pL  1,  fig.  2  (JBncrinurus  punctatus), 

Systema  naturae.    Ed.  12.    Vol.  3. 

HolmisB,  1768,  p.  160. 

Entomolithus  paradoxus  a  oxpansus  {Asa- 
ph^isexpansus'Linn.).  £.  paradoxus  ^  oanthari- 
dum (Oleniu  gibbosus  Wabl.),  E.  paradoxas  y 
pisiformis  (Agnostus  pis\formis  Linn.). 

Littleton  (Charles).    On  a  nondescript 
petrified  insect. 

In Philos.  Trans.  Royal  Soc  London,  vol.40, 
No. 496.  1750,  p.  598,  pi.  J.  figs.  3-12,  pi.  2. 

Odlymene  Humenbachii. 
Looke  (  John  ) .     Oa  Isotelus  mcucimusj 
tonnd  near  Trebers,  in  Adams  County, 
Ohio. 

In  Second  Ann.  Rept  Geol.  Survey  Ohio  ("W. 
W.  Mather),  1838,  p.  247,  fig.  8. 

On  a  new  species  of  Trilobit^  of  very 

large  size. 

In  Trans.  Assoc.  Am.  GeoL  and  Naturalists, 
vol.  1,1843,  p.  221.  plate. 

Isotelus  nugistos  Locke. 

Dr.  John  Locke  has  herein  given  a  new  name 
to  the  species  which  he  called  Isotelus  maxi- 
mus  in  the  Second  Ohio  Report.    See,  also,  Am. 
Jour.  ScL,  1st  series,  voL  42, 1843,  p.  866, 1  pL 
Notice  of  a  new  Trilobite. 

In  Am.  Jour.  ScL,  1st  series,  vol.  44, 1843,  p. 
846. 

Oeraurus  crosotus. 

Supplementary  notice  of  the  CeraU' 

ru8  crosotus. 

In  Am.  Jour.  ScL,  1st  series.  voL  45,  1843,  p. 
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Itogan  (W.  £.)    Bronteui  canadensis. 

In  Bept.  OeoL  Survey  CaxukIa,  1844.  p.  64,  2 
flgt. 

On  the  tracks  of  an  animal  lately 

foand  in  the  Potsdam  sandstone. 
In  Canadian  Nataralist,  vol.  6, 1800,  p;  279. 

IfOasen  (K.  A.)  Ueber  Cryphtpus  rotundi^ 
frons  ans  dem  zorgtr  Schiefer  des 
alldlichen  Unterbarzes. 

In  Zeiteobr.  Beatooh.  geoL  GeselL,  vol.  31, 
1870,  p.  216. 
Oryphatu. 

LoTto  (S.  L.)  On  Caltfmene  elavifrans 
and  C.  ovata. 

InOfvenifrtKongL  Syenaka  Yot-Akad.  F6r- 
liandl.,1846,p.68. 

—  Svenska  Trilobiter. 

In  OfTeraigt  EongL  Svenska  Vet-Akad.  F8r. 
bandl..  1845,  pp.  46. 104,  pis.  1, 2. 

Trinudetu^  Proetutf  Metoptoi,  Liehatt  Oeruu- 
ru*t  OylMU  n.  g, 

Lnngren  (B.)  Om  den  Tid  Rams&sa  ocb 
Ofyeredskloster  i  Sk&ne  forekommande 
sandstenens  alder. 

In  Acta  Univ.  Lnndenais,  1874. 

LeperdUia. 

MacLeay  (W.  8.)  Observations  on 
Trilobites,  foanded  on  a  comparison  of 
their  strncture  and  that  of  living  Crus- 
tacea. 

In  B.  I.  Knrchison.  "  The  Silurian  system," 
'  London,  1830,  p.  666 ;  Annals  Mag.  Nat  Hist., 
1st  series,  London,  voL  4,  1830,  p.  16. 

The  author  compares  them  with  Apus  and 
other  Atpidophora,  animals  which,  in  his 
opinion,  of  all  the  Entomodraoat  appear  to  come 
nearest  to  the  Trilobita. 

McCoy  (Frederick).    On  EnUmoconohus 

BCOUlL 

In  Jour.  Geol.  Soo.  Dablin,  voL  11, 1830,  p.  01, 
pL  5,  figs,  a,  0. 

ErUomoeonchug  n.  g. 

A  synopsis  of  the  characters  of  the 

Carboniferous  limestone  fossils  of  Ire- 
land.   Dublin,  1844,  29  pis. 

The  title-page  bears  no  anthor's  name.  The 
book  shows  that  it  was  prepared  by  Frederick 
HoCoy,  nnder  the  direction  of  Richard  Griffith, 
the  collector,  in  whose  cabinet  all  the  speolsa 
were  contained. 

PhUUpHa,  ChiJUkidst,  Oalyment,  DUhyro- 
earxa,  BrUomoeonehut,  Oyth*rina,'Sairdia  n.  g., 
Cythere,  Daphina, 

— ^-  A  synopsis  of  the  Silurian  fossils  of 
Ireland,  collected  from  the  several  dis- 
tricts by  Richard  Griffith,  P.  G.  S. 
The  ^hole  being  named,  and  the  new 


McCoy  (Frederick)— Continoed. 
species  drawn  an^  described,  by  Fred- 
erick McCoy.    Dublin,  1846,  5  pis. 

Sarpet,  Bemopleuridet,  Ferbesitt  n.  g,,  PAo- 
eopt,  Portlockia  n.  g.,  OalymeiM,  Somalonotm, 
Hckas^  Trinueleu*,  Ampgx,  Ogygia,  I*ot^ut, 
Ktenia,  Aeidatpit,  Okeirwru*,  SptuBrexodiua, 
Otarion,  Encrinurui^  BronUus,  Trinodu»  n,  g., 
TiTMiut  n.  g.,  Beyriehia  n.  g.,  Oythere^  B^tUm*. 

A  notice  of  the  new  genera  described  by 
Frederick  McCoy  is  given  in  the  Bay  Society's 
edition  of  Bormeister's  "  Organisation  of  Trilo- 
bites.   Sapplemontary  appendix,**  p.  )23. 

The  generic  name  TirMiat  was  used  in  1845 
for  a  genus  of*the  Coleoptera,  and  that  of 
Forbuia  for  one  of  the  Polypi  in  1846.  Trinodui 
was  used  in  1846  for  a  genus  of  the  Coleoptera. 

On  the  fossil  botany  and  zoology  of 

the  rocks  associated  with  the  ooal  of 
Australia. 

In  Annals  Mag.  Nat  Hist,  Ist  seriea.  Lon- 
don, vol.  20. 1847,  p.  226,  plate. 

PhiUiptia^  Braehymetopus  n.  g.,  Cfytktt^ 
Bairdia. 

On  the  classification  of  some  British 

fossil  Crustacea,  with  notices  of  new 
forms  in  the  University  collection  at 
Cambridge. 

In  Annals  Mag.  Nat  Hist,  24  series,  Lon- 
don, vol.  4,  1840. 

Asaphinie:  1.  Phaeopi,  2.  CkUytneney  8.  IVi- 
nk§roeephaUu  n.  g..  4.  ^«apAiw(sabgenera,  J«o- 
letus,  BasUieut)t  6.  lUcennt  (sabgenerSt  lUtenu*, 
Buma»lu»,  Dytplanui),  6.  Forbesia,  7.  PkU- 
Upna.  Paradoxine :  1.  ParmdoxUie»  {subgenus, 
Olenta),  2.  Cerawnu^  3.  Cryphtmu^  4.  Spharesoih 
eftia,  5.  Acidatpia^  6.  Staurocepkalu;  7.  Ren%o- 
plewridet^  8.  Zethus.  Ogyginie:  L  ^Trinueieut 
(snbgenas,  TetrapuUium),  2.  Tretaspis  n.  g.,  3. 
Ampyx,  4.  Ogygia,  6.  Brontetu,  6.  lAchat  (sub. 
genera,  Trochurtu,  AcarUhdpyge),  Harpedinse : 
1.  HarpeSj  2.  MarpideUa  n.  g.,  3.  Amphion.  Ag. 
nostinie:  1.  2Wnodti«,2.  Agno»tua,  Ohatmopsn, 
g.,  OriffUhidea^  Barran^Ua  n.  g.,  CenUiocaris 
n.  g.,  Oytheroptia  n.  g.,  Pterygotut. 

Partly  repablished  in  the  anther's  **  Contri' 
bntions  to  British  PaliBontology,  etc,"  London, 
1854. 

On  the  supposed  fish  remains  figured 

on  plate  4  of ''  The  Silurian  system.'' 

In  Quart  Jour.  Geol.  800.  London,  toL  9, 
1853,  p.  18. 

A  synopsis  of  the  classification  of 

the  British  Paleozoic  rocks,  by  Adam 
Sedgwick ;  with  a  systematic  descrip- 
tion of  the  British  Paleozoic  fossils  in 
the  Oeological  Museum  of  Cambridge, 
by  Frederick  McCoy,  with  figures  of  the 
new  and  imperfectly  known  species. 
London  and  Cambridge,  1855,  25  pis, 
Pt.d,  Palaeontology, 
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IffoCoy  (Frederick)— Contioned. 

FkMieiilos  1.  Bftdiftto  and  Artionlftta.  Lon- 
d4M,18CL 

Iteeloaliis  ^.  Lower  and  Middle  PalsBosoio 
IfoDosoab    London,  18S2. 

FMqioQln«3.  Upper  PalttOBoicMollnsca  and 
lUh.    London  and  Cambridge,  1855. 

Marptt,  Forberia,  Phaeopi,  OdontocklU^  Ohoi- 
«Mpt,  PMtloeftiai  OaHymene,  Homalonotug,  Tro- 
tkmnu,  IMuUt  TrinueUu$^  HarpidOla,  Treta$^ 
pig,  Ampyx,  Ifoteluf,  Ogygia,  Barrandia,  Aci, 
dmtpU,  Oeraunu,  JBeeoptochUe^  Stauroeephalui' 
Mneritwnti,  Zethut,  nUtnus,  DyspUmus,  Di 
plarktma,  Affnottut,  Aeanthopyg§,  Bwyptenu, 
Ittrygabu^  LiptockeUt  n.  g.,  OeroHocarit,  Bey- 
riekiOf  Oytkeropti9,  THuodut, 

Cuntribations   to  British   pal»on- 

tology,  or  first  description  of  360  species 
and  aeyeral  genera  of  fossil  Radiata, 
Artionlata,  Mollasca  and  Pisces  from 
the  Tertiary,  Cretaceous,  Oolitic  and 
Paleozoic  strata  of  Great  Britain.  Re- 
published from  the  Annals  Mag.  Nat. 
EUtt    Cambridge,  1854. 

Tor  a  list  of  the  genera  of  foeail  Cmstaoea, 
see  entilea  mider  McCoy  (Frederick),  Annals 
.  Hat.  Hist,  tA  series,  London,  toI.  4, 1849. 


Geological  Snrvey  of  Victoria.    Pro- 

dromns  of  the  i>alseontology  of  Vic- 
toria, or  fignree  and  descriptions  of 
Victorian  organic  remains,  decade  3. 
Helboome  and  London,  1875,  pis.  22, 23. 
Phaeopt  (OdofUochUe)  caudatut,  P.  (Port- 
lodUa)  ftcundut,  Porbeaia  ewrytept  McCoy, 
LiekM  auttraUa  McCoy,  HamaUmotus  karri- 
§9td  MoCoy.  » 

BCantell  (G. )  Medals  of  creation,  or 
first  lessons  in  geology  and  the  stndy 
of  organic  remains.  2  vols.  London, 
1854. 

KarooQ  (Jnles).  On  the  Primordial 
fauna  and  the  Taconic  system,  by 
Joachim  Banrande;  with  additional 
notes  by  Jnles  Marcon. 

In  Proe.  Boston  Soc.  Nat  Hist.,  toL  7, 18S1. 

p.  tea 

Notice  snr  les  gisements  des  lentilles 

trilobitifdres   taconiqne  de  la  Pointe 
L^Tis  on  Canada. 

In  BolL  Soo.  04ol.  France,  2d  series,  voL  21, 
1M4,P*336. 

Mair  (J.  E.)  On  some  well-defined  life 
xones  in  the  lower  part  of  the  Silnrian 
(Sedgwick)  of  the  Lake  District. 

Li  Quart  Jonr.  QeoL  Soo.  London,  toL  34, 
1878,  p.  87L 
Appendix.    On  some  spedes  of  Phaeopttp. 


Marr  (J.  E.) — Continued. 
and  Nicholson  (H.  A.)    The  Stock- 
dale  shales. 

In  Quart  Jonr.  Geol.  Soc  London,  roL  44, 
]888,p.S54.pLl6. 

Savpet,  Proetut,  Phaeop$,  Ampyx,  Aeidcupit^ 
Ohnrurui. 

Martin  (D.  S.)  A  new  Eorypterid  from 
the  Catskill  group. 

In  Trans.  New  York  Acad.  ScL,  roL  2, 1882, 
p.  8. 

This  notice  was  based  upon  a  cast  of  Sty- 
lonwrui  meeitior  Hall,  obtained  Arom  tbe  Mu- 
seum of  Natural  History,  Albany,  New  York. 

Martin  (W.)  Petrificata  Derbiensia:  a 
description  of  petrifactions  collected  in 
Derbyshire.    Wigan,  1809, 4to,  53  pis. 

BntomoUthm  imiteUes  (d&rlneniit) ,  pL  45,  figs. 
1-3;  BntomolUhui  monoeulitetf  (lunatui)^  pL 
45,  fle.  4;  Entom.  paradoxui,  from  Dudley,  pi. 
45.  fig.  3;  also  pL  453;,  fig.  3. 

These  fossils  have  been  referred  to  the  fol- 
lowing modem  genera:  PhUUpna derbiemU,  pi. 

45,  figs.  1-8,  and  pi.  45x,  dg.  3 ;  Belinurut,  pi. 

46,  fig.  4,  (7alym«iM  blumenbaehi,  pi.  45,  fig.  3. 

Matthew  (G.  F.)  Illustrations  of  the 
fauna  of  the  St.  John  group.  No.  1. 
The  Paradoxides;  their  history. 

In  Trans.  Royal  Soo.  Canada,  vol.  1, 1882,  Sec. 
4.  p.  87,  pL  9. 

Paradoxidei  eUmtnie\i$  Matt,  Par.  <^cadieu9 
Matt,  P.  lameOatui  Hartt 

-^  Illustrations  of  the  fauna  of  the  St. 
John  group.  No.  1.  The  Paradoxides 
(supplementary  section  describing  the 
parts). 

In  Trans.  Royal  Soc.  Canada,  voL  1. 1882,  Sec. 
4,  p.  271,  pL  10. 

Illustrations  of  the  fauna  of  the  St. 

John  group,  continued:  On  the  Cono- 
oorypkea,  with  further  remarks  on  Para- 
doxides. 

In  Trans.  Royal  Soc.  Canada,  voL  2, 1884,  Sec. 
4,  p.»,pll. 
Paradoxidstj  OUnoeephdlxUf  Ckmocoryphs, 
In  his  explanation  of  the  plate,  fig.  6,  the  au- 
thor useA  a  new  subgenus,  Otenoeephaltu  (Har- 
teUa)  maUhetai,  and  also  for  flg.  22,  Oonoeoryphe 
(BaiiMaa)  baUeyi, 

An  outline  of  recent  discoveries  in 

the  St.  John  group. 

In  Bull.  New  Brunswick  Nat  Hist  Soc.,  No 
4,1884. 

Illustrations  of  the  fauna  of  the  St. 

John  group.  No.  3.  Descriptions  of 
new  genera  and  species  (including  a 
description  of  a  new  species  of  Soleno- 
pleura,  by  J.  F.  Whiteaves). 

In  Trans.  Royal  Soc.  Canada,  toU  8, 1885,  p.  29, 
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Matthew  (G.R)— Continnea. 

LtpidiiUa B. g.,  LepidXaaik.  g.,  Beyriokia,  flip-. 
ponichanon  n.  g.,  Beyriekona  n.  g.,  Pnmifia, 
^^»M<ttf,  Jfii0nKiiwu«,^^TattIot,  Sotenopleura^ 
Pmmdcaidti, 

•—^  On  the  probable  oconrrenoe  of  the 
great  Welsh  ParaAoxidet,  P,  davidiSf  in 
America. 

In  Am.  Jour.  SoL,  3d  seriba,  voL  30, 1886,  p.  72; 
IfBtore.  Tol.  82, 1885,  p.  358. 

Abstract  of  a  paper  on  the  Cambrian 

fknna  of  Cape  Breton  and  Newfonnd- 
land. 

In  CaaftdiMi  Record  Soi.,  roL  2, 1886,  p.  255. 

Note  on  the  occurrence  of  Olenellust 

hjerulfi  in  America. 

In  Am.  Joor.  Soi.,  8d  serios,  vol.  31, 1888,  p.  472. 

—  On  the  Cambrian  fanna  of  Cape  Bre- 
ton and  Newfoundland. 

In  Truis.  Boyal  Soo.  Canada,  roL  2,  1885^  p. 
147. 
Affrauhi,  SOmopUwra, 

-»-  ninatrations  of  the  fauna  of  the  St. 
John  gronp.  No.  4.  On  the  smaller 
eyedTrilobites  of  Divinion  1,  with  a  few 
remarks  on  the  species  of  the  higher 
diTision  of  the  group. 

In  Canadian  Booord  8ci.«  vol  2.  No.  8. 1887,  p. 
867. 

On  the  kin  of  Paradoxides  (Olmellust) 

liiferulJL 

In  Am.  Jonr.  ScL,  8d  seriM,  vol.  83, 1887,  p. 
890. 

The  great  Acadian  Paradoxides. 

In  Am.  Jour.  Soi.,  3d  serlM,  vol.  33.  1887,  p. 
888. 
ParadoxidM  reginm  Matt. 

Illustrations  of  the  fanna  of  the  St. 

John  group.  No.  4.  Part  1.  Descrip- 
tion of  a  new  species  of  Paradoxides  (P. 
regina).  Part  2.  The  smaller  Trilo- 
bites  with  eyes  (PtyohoparidcB  aud  EU 
Up$ooephalidcB). 

In  Trans.  Boyal  Soc  Canada,  voL5,1887,p. 
115, 8pU. 

Paradoxidss,  LU>$tracut,  Strenuetta  n.  sub* 
gen.,  Ptyehoparia,  8oleru>pleura,Affraulo»,  EUip- 
toeephahu, 

Maorer  (F.)  PalSontologische  Stndien 
im  Gebiet  des  rheinisohen  Devon.  Die 
Fanna  des  Rotheisenstein  der  Grnbe 
Haina. 

In  Neuea  Jahrbnoh  ftir  Mineral.,  1S7S,  p.  596, 
pi.  14. 

PAoMjpt  Wifronti   OyphOMpii  ceraU^hthal- 


Maorer  (F.)-^ontinued. 

—  PallUmtologiBche  Studien  im  Gebiet 
des  rheinischeh  Devon.  Die  Thon- 
schiefer  des  Rnppbachthales  bei  Dies. 

In  Neoes  Jahrbuch  flir  MineraL,  1878^  P-  808, 
pL14. 

PAooopt,  AeidatpU,  SrotUeus, 

Die  Fauna  der  Kalke  von  Wald- 

girmes  bei  Giessen. 

In  AbhandL  f^^ah.-hess.  geol.  Landeeanatalt 
an  Barmetadt,  vol.  1,  pt  2, 1885,  atlas  of  11  pU. 

Sarp6$,  Ptmeops^  Prottu^^  Oypkatpi$,  Oheirm- 
na,  BronteuSt  PrinUUa;  Orozoe, 

Meek  (F.  B.)  Note  on  BeUnuriu  dana, 
from  the  Illinois  Coal  Measures. 

In  Am.  Jour.  SoL,  2d  aeriesi  voL  43^  1807,  p. 
257 ;  GeoL  Survey  lUlnoia,  voL  2,  p.  395. 

Note  on  a  new  genus  of  fossil  Cms- 

tacea. 

In  Am.  Joar.  Sd.,  2d  series,  vol.  48,  1887,  p. 
894 ;  Geol.  Sarvey  Illinois,  vol.  3,  p.  547. 
Euproops  (n,g,), 

Descriptions  of  fossils  collected  by 

the  U.  S.  Geological  Survey,  und^ 
charge  of  Clarence  King. 

In  Proo.  Acad.  Nat.  Sci.  Phila,.  voL22, 1879, 
p.  58. 

Republished  and  illostrated  in  Rept.  17.  S. 
Oeol.  ExpL,  40th  Parallel,  vol  4,  pt  1,  pp. 
1-187,  pis.  1-17. 

ParadoxidM,  Conoooryphe  (OonoeephdUts»h 
(Henut. 
Descriptions  of  new  species  of  in- 
vertebrate fossils  from  the  Carbonifer- 
ous and  Devonian  rocks  of  Ohio. 

In  Proo.  Acad.  Nat  Soi.  Phila.,  voL  23, 1871. 
p.  57. 

Repnblisbed  and  figured  in  "  PalaBontolof^ 
of  Ohio, "  vol.  1, 1873,  p.  233, 23  pis. 

Proetut  planimarginaiug,  DcUmtmUet  ohio^ 
emii. 

Descriptions  of  new  Western  Palseo^ 

zoic  fossils,  mainly  from  the  Cinoin^ 
nati  group  of  the  Lower  Silurian  seriea 
of  Ohio. 

In  Proo.  Acad.  Nat  Sci  Phlla.,  voL53. 1871,  p^ 
308. 

Bedesoribed  and  illustrated  in  "PalieoBtol> 
ogy  of  Ohio,"  voL  2, 1875. 

Oiftheret  Oeratiocarit  (CMpoMrit),  Arekwoem^ 
fit,  Solmocarii^  Oolpocaris.  (Not  BoUnocarU 
Young,  1808.) 

List  of  Carboniferous  fossils  from 

West  Virginia,  with  descriptions  of 
new  species. 

In  Appendix  B,  Ropt  of  Regents  of  Woat 
Virginia  Univ.,  1870,  Wheeling.  1871,  p.  88. 

PhiUiptia  steventonx  Meek. 

Final  report  of  the  U.  8.  Geological 

Survey  of  Nebrasl^  ap^i^^juoos  of  the 
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Meek  (F.B.)— Continoed. 
a^i^Mient  Territories,  by  F.  V.  Hayden, 
eto.  Report  on  the  palaeontology  of 
eastern  Nebraska,  with  some  remarks 
on  the  Carboniferons  rook  of  that 
district  by  F.  B.  Meek.  Washington, 
1871,  p.  83,  11  pis.  (Two  editions: 
first  in  8to,  second  in  4to. ) 
PkOUptia,  Oy  there. 

— -  Genns  ArchceocarU, 

In  Proe.  Aoad.  K»t  ScL  PhiUu,  vol.  24, 1072, 
p.  325. 

Description  of  new  species  of  fossils 

ftom  Cinoiunaiti  group,  Ohio. 

In  Am.  Jonr.  SoL*  8d  series,  voL  8, 1878,  p.  423. 
Pfvetue,  Dalmanitee. 

— ^  Preliminary  palseontological  import, 
eonsisting  of  list  and  descriptions  of 
foesfls,  with  remarks  on  the  age  of  the 
rocks  in  which  they  are  fonnd,  etc. 

In  Sixth  Ann.  Bept  U.  S.  OeoL  Survey  Terri- 
toriee,  embraoing  portions  of  Montana,  Idaho, 
Wyoming,  and  Utah,  etc.  F.  V.  flayden, 
Washington,  1873,  p.  431. 

Conoeoryphe  {Ptychoparia),  Bathyurus,  Ba- 
tk^tirdla  (Aeaphieeu*)  n.  sg.,  Aiaphue,  (Megal- 
aepie),  Agnoetut. 

Report  of  the  Geological  Survey  of 

Ohio.  Vol.  1.  (Geology  and  palaeon- 
tology. Pt.2.  Paleontology.  Descrip- 
tions of  invertebrate  fossils  of  the  Silu- 
rian and  Devonian  systems,  by  F.  B. 
Meek. 

Colnmhns,  1878.  pp.  1-243,  pis.  1-23. 

Proetue^  DalmatUtee,  Calymene,  Aeaphue 
iUoUha),  Aeidaepie,  Cerckunu,  lUctnus  (Bu- 
maetue),  Cfytkere,  Leperditia. 

Descriptions  of  Olenua  (Olenellus) 

gilberti  and  Olmus  (Olenellua)  howelli. 

In  Bept.  Qeog.  and  Oeol.  Expl.  Surveys  West 
loeth  Mer.,  voL  3,  Washington,  1875,  p.  182. 

A  report  on  some  of  the  invertebrate 

fosails  of  the  Waverly  group  and  Coal 
Measures  of  Ohio. 

In  Bept.  GeoL  Survey  Ohio.  VoL  2.  Geology 
and  Paleontology.  Pt2.  1875,  pp.  269-347,  pis. 
10-20. 

JPhUUpeiOt  GHfithidee,  Ceratioearit  {Oolpo- 
emrie),  Oeratiocarii  {ScUnoearit),  Arehceoearie, 
<M^po«aru,  BolenoearU, 

Palasontology. 

In  U.  S.  QeoL  ExpL  40th  Parallel,  roL  4,  pt  1, 
1177.  pp.  1-197,  pis.  1-17. 

Paradoaddee,  Conoeoryphe  (Ptyekoparia), 
Ptoetuit  DalmaiMtee. 

and  ECayden  (F.  V.)    Descriptions 

of  new  LfOwer  Silnrian,  Jurassic,  Greta- 
oeoosy  and  Tertiary  fossils  collected  in 


Meek  (F.  B.)  and  Hayden  (F.  V.)— Con- 
tinued. 

Nebraska  by  the  exploring  expedition 
under  the  command  of  Capt.  W.  F. 
Raynolds,  U.  S.  Top.  Eng.,  with  re- 
marks on  the  rocks  from  which  they 
were  obtained. 

In  Proo.  Acad.  Nat  Sci.  Phila.,  vol.  18, 1862, 
p.  415. 

ArioneUus,  ArioneUtu  (Orepieephalue)  oweni, 

— Palaeontology  of  the  Upper  Mis- 
souri. A  report  upon  collections  made 
principally  by  the  expeditious  under 
command  of  Lieut.  G.  K.  Warren,  U.  8. 
Top.  Eng.,  in  1855-'66.  Invertebrates. 
Pt.  1. 

lu  Smithsonian  Contrib.,  No.  172,  Washing- 
ton, 1864, 5  pis. 

Paradoxidett  Agrauloe,  Agrauloe  oweni  M. 
AH. 

and  Worthen  (A.  H.)    Notice  of 

some  new  types  of  organic  remains  from 
the  Coal  Measures  of  Illinois. 

In  Proc  Acad.  Nat  Sci.  Phila.,  voL  17,  1865, 
p.  41. 

AeanthoteUon  n.  g.,  Belinuru»f  Anthrapake- 
men,  PaUBoearie  n.  g. 

Contributions  to  the  paleon- 
tology of  Illinois  and  other  Western 
States. 

In  Proc.  Acad.  Nat.  Sci.  Phila.,  vol  17.  1865, 
p.  245. 

Proetue,  PhUHptia,  0HJUhiaet,  Dalmanin, 
Liehae. 

Descriptions  of  invertebrates 

from  the  Carboniferous  system. 

In  Geol.  Snrvey  Illinois,  voL  2, 1866,  p.  145,  pis. 
14-20, 28-32. 

Belinurut,  AoanthoteUon^  Pakeooarie,  An- 
thrcipalcemon. 

Preliminary  notice  of  a  scor- 
pion, a  Eurypterus,  and  other  fossils 
from  the  Coal  Measures  of  Illinois. 

In  Am.  Jonr.  Sci.,  2d  series,  vol.  46, 1868,  p.  19. 
RepnbUshed  and  illastrated  in  "  Geol.  Snrvey 
IUinois,'*vol.3,p.560. 

PalsBontology. 

In  Geol.  Snrvey  Illinois,  voL  3, 1868,  pp.  291- 
566,  pis.  1-20. 

Proetue,  Phaeope^  Dalmanite*  {Odonocepha- 
lu»),  Liehae,  Aeidaepit,  lUcenue,  Ceratiocarie, 
Euproopt,  Palceoearie,  Euryptertu  (Anthrapa- 
krmon)t  Aeonthoteleon. 

Descriptions  of  a  now  species 

and  genera  of  fossils  from  the  Palaeo- 
zoic rocks  of  the  Western  States. 

lu  Proo.  Acad.  Nat.  Sci.  Phila.,  2d  series,  voU 
14,  1870,  p  22. 
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MMk  (F.  B.)  and  Wortken  (A.  H.)- 
Oontlmied. 

fkttMp§(a  fulanmtoM  U.  A  W.,  FkUUptia 
{OrifUMdM) b^fayL  AW.,  Amj^^ ( AoCilut) 
pifOtmt  M.  Sc  W..  ntefiM  (Buma«e«it)  gr^f- 

ItAW. 

..-«. Descriptions  of  invertebrates 

from  the  Carboniferons  system. 

In  0«ol.  Surrey  Ulinoia. toL 5, 1879,  pp.828- 
«lA.pU.l-3a. 

Phmpria  (eriJUhidet)  porOoeki,  PkiUiptia 
{GrifUhides}  ht^fo,  PhiUipna  {GHJUhidM)  tci- 
ttdOj  DUhyoeaHt  eartcnariui. 
Description   of  the   inverte- 
brates. 

In  GeoL  Survey  lUinoit,  voL  6,  l«76t  pp.  488- 
688,  pis.  38-88. 

LUhmt,  A^aphui  {liotOut),   aphi»recBockut, 
IRmmm  (Bunuutut). 
If^nftg****^*  (Qinseppe).    Nnovi  fossili  si- 
Inriani  di  Sardegna. 

In  Attl  reale  Aooad.  linoei.  Rom*,  1880, 1  pL 

DalmawUet,  Lamarmora, 

Posizione  relativa  dei  varii  piani 

nloriani  dell'  Iglesiente  in  Sardegna. 

In  Proe.  verb.  Soo.  TosoMia  SoL  Kat^  1881,  p. 

856. 

Faradoaoidet,  TrinwUtu,  DalmanitM,  Oonooe- 


Fanna  Cambriana  dell'  Iglesiente  in 

Sardegna. 

In  Pfoo.  verb.  Soo.  Toeoana  Sol.  Nat,  1881,  p. 
158. 
PUmMloaidef,  OUmu,  OonoeephaUte$. 

Nnovi  Trilobiti  di  Sardegna. 

In  Proo.  verb.  Soo.  Toecana  Sol.  Nat.,  1881,  p. 
280. 
Foradoteidst,  OonoeephaUtet, 

Note   alia  fanna   Cambriana  delP 

Iglesiente. 

In  Proo.  verb.  Soo.  Toeoana  Sd.  Nat,  1882, 
p.  7. 

(Henuf ,  Anomocare,  Oonoeepkalitst,  PUUypel, 
Hi, 
— ^  Nnovi  fossili  Cambriani  di  Sardegna. 

Jsi  Proo.  verb.  Soo.  Tosoana  Soi  Nat,  1884, 
p.  58. 

OonoctphdUtes,  Anomeeare. 

PalsBontologia    dell'  Iglesiente  in 

Sardegna.      Fanna  Cambriana    trilo- 
biti. 

In  Mem.  B.  Com.  Gool.  Italia,  toL  8, 1888,  pt 
8,  40  pp.,  7  pis. 

Pnradoxidet,  Olenut,  Anotnocare,  Oonocepha, 
IttM,  Atapkm  {PUUyptUith  Oonocoryphe, 
ACoyer  (H.  Yon).    Beitrage  znr  Petre- 
facten-Knnde. 

In  Nova  Acta  Aoad.  Loop.  Carol.,Tol.  IS,  1881, 
p.  07,  pL  58,  fl^  la  See,  also,  Ne^es  Jahrbucli 
fllrH{neral.,]838,p.481. 

CaHymrn^  i^quaUt  Meyer. 


Meyer  (H.  von)  and  Miiuater  (G^.  G.  zc). 
Beitrlige  znr  Petrefacten-Knnde.  Bay- 
renth,  184^  pt.  3,  pi.  5. 

Ctaimen$  variolarit,  O.  inUrmsdia,  O.  Unit, 
O.  tUrnbergi,  O.  propinqua,  0.  articuiata,  Jjo- 
pkutf  camdori,  A,  putOlut,  A.f  drems,  A. 
grandit,  lUanut  perowOiMf,  Paradoxid4t  brtvi- 
muervtuaw,  BronUs  radiaiiu,  B.  cotiatut,  B, 
nOnttdiatut,  Buffuutui/rtrnkimiau,  B,pUtnu», 
HarpM  tpeeioiut,  TrinueUut  gnuUiM,  T.wU- 
keruii,  T.  eOiptieut,  T.  nsUoni,  T.  f  otarion^  T.  t 
giXAnmu,  AgnottM  piti/orwiit. 

Beitrfige  zn  Petrefacten-Ennde. 

Bayreuth,  1842,  pt.  5,  p.  112.  Nachtrag 
zn  den  Yersteinemitgen  des  Ueber- 
gangs-Kalkes  mit  Clymenien  von  Ober- 
frauken  vom  Heransgeber. 

Oalifmen€tnarginata,'pL10,fig,6;  (XAtreatm^ 
A$aphu$  dubiut,  EUipiocephahu  kofi,  Qtarion 
slegant,  Harpes,  TrinueUtuf  kewii,  T.  UUerm^ 
diui^T.nUiwL 

Sqnaliden-Reste  ans  dem  Posidono- 

myen-Schiefer  des  Oberbarzes  bei  Ober- 
Sohnlenbnrg. 

In  Danker  and  von  Meyer  '*  Palieont,'*  voL 
3,Cas8el,  1854.P.53. 
Marp4t,  Proetut,  Phacopt,  Lieha^  OhefmuruM, 
8ee^  02*0,  Jordon  (BL)  and  Meysr  (H.Ti»n). 

Miokleborough  (John).  Locomotory 
appendages  of  Trilobites. 

In  Joor.  ClnoiDnatl  Soo.  Nat  Hlst.rol.  8, 1883. 
p.  200,  figs.  1-3.    Noticed :  Am.  Joor.  SoL,  3d 
series,  vol  27,  1884,  p.  409 ;  (}eol  Maf^.,  n.  a.,  de- 
cade 8,  ToL  1,  London,  1884,  p.  80. 
Aiaphui  megittot  Locke. 

Bfiller  (S.  A  )  Monograph  of  the  Crnsta- 
oea  of  the  Cincinnati  gronp. 

In  Cincinnati  Quart  Joor.  ScL,  toL  1, 1874,  p. 
115. 

Triarthrus,  Proetutf  Dalmanitet,  CatywunM, 
Liehai,  TrinueUus,  Aiaphut,  /totedw,  ^oid- 
atpit,  Oeraurutf  Beyriehia,  Leperditia^  Oifthtre^ 

The  anther,  in  his  dassifloation  and  senerio 
descriptions,  has  generally  followed  MoCoy 
("Brit  PaliBosoio  Bocks,"  1855).  He  gireaa 
description  of  the  different  fossil  Crustacea  oe- 
corring  in  the  Cincinnati  gronp,  And  fignvea 
JAperdiUa  bymen  Miller,  and  a  wood-out  rep- 
resenting the  tracks  of  an  Ataphtu  (/). 

[No  title. — Description  of  new  spe- 
cies of  PalsBozoic  Entomostraca.] 

In  Cincinnati  Quart  Jour.  SoL,  vol.  1, 1B74,  p. 
282. 

Beyriohia  duryi,  B.  tiriaio-marginaUiM^  B. 
chcukberti. 

Some  new  species  of  fossils  from  the 

Cincinnati  gronp,  and  remarks  upon 
some  described  forms. 

In  Cincinnati  Quart  Jonr.  Sci.,  vol.  2,  1875^ 
p.  349,  figures. 

AeidtupU,  Beyriehifi,  l^^mt 

-      igitized  by  VjOO 


TOODI&] 


LIST   OP  AUTHORS. 


53 
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Miller  (S.  AO^-Continued. 

The  Amerioan  Palieozoio  foflsils.    A 

catalogue  of  the  genera  and  species, 
with  namee  of  authors,  dates,  places  of 
pablieation,  group  of  rocks  in  which 
found,  and  the  etymology  and  significa- 
tion of  the  words,  etc.  Cincinnati, 
1877.    Also  a  2d  ed.,  with  supplement. 

Description  of  a  new  genus  and 

eleven  new  species  of  fossils,  with  re- 
marks upon  others  well  known,  from 
the  Cincinnati  group. 

In  Jonr.  ClncinnAti  Soo.  Nat  Hist,  vol  1, 
ie7a.*79,  p.l00,pL3. 
Liehmt  harriti,  Cfy there  irregtUarii. 

Description  of  two  new  species  firom 

the  IHagara  group,  and  five  fW>m  the 
Keokuk  group. 

In  Jour.  Cincinnati  Soo.  Nat  Hiat,  vol.  3, 
1879,p.S64,pLl& 

Snerimunu  egimL 

Description  of  new  species  of  fossils. 

In  Joor.  Cincinnati  Soo.  Kat  Hiat,  voL  4, 
1881,  p.  250,  pi.  e. 
LeperdUia  eeeeigena. 

Description  of  three  new  species, 

and  remarks  upon  others. 

In  Joor.  Cincinnati  Soo.  Kat  Hiat,  voL  5, 
18B2.p.ll6,pL5. 
Oafymene  eaXHeephala  Qrtesk. 

IfUne-Bdwards  (H.)    Sur  les  affinity 

des  Triiobites. 
In  Inatitnt  do  France,  Acad.  Boyalo  SoL, 

ToL  1,  1827,  p.  254. 
Triiobites  dans  Lamarck's  ''Histoire 

natnrelle  des  animaux  sans  vert^bres.'' 

Vol.5.    Paris,  1838,  p.  220. 
PcNvdosidet,  EU^^eoeephakUt  OonoeephaUu, 

Triartkrue,  Oaiymene^  A  mpyx,  Aeaphue,  Ogygia^ 

Otsriofi,  Agneeha,  Oerawnie,  Oypridina  n.  g. 

Histoire  natnrelle  des  Omstac^ 

oominenant  I'anatomie,  la  physiologic 
et  1a  dassiflcation  de  ces  animaux. 
[3  vols.,  with  atlas  of  plates.]  Paris, 
1834-^40. 

The  Trilobitea  are  deaoribed  in  vol.  3,  pp. 
286-a4S,  in  the  following  order:  NUetu,  Am- 
pyx,  IteMMM^  J.«apAif#,  RemalimotMMy  Oalymene, 
Ptemueamthe  n.  g.  (referred  by  author  to  Dal- 
m&mitet),  MnueUut,  Otarion,  Ogygia^  Para- 
iogidett  PMura  n.  g.  (the  first  species  cited 
by  the  author  under  this  new  genus  was: 
Pdtmra  $earatMiMideeyr»hldnhvLTg;  the  second, 
PtUmra  buekkmdi  Milne-Sdwards,  is  a  species 
of  the  genua  Liehtuh  Agnoetue^  Surypterue. 
riiaaiflee  64  species  under  18  genera. 

— -  Report  on  the  pal»ontologioal  re- 
searches of  M.  Marie  Bonault  in  Brit- 
tany and  Anion, 


Milne-Edwards  (H.)— Continued. 

In  Coroptes  Rendus  Acad.  Sol.  Paris,  1847,toL 
24,  p.  693;  BoU.  Soo.  Q4ol.  France,  yd.  4, 1847. 
p.  309;  Quart  Jour.  Q9o\.  Soc.  London,  rdl.  4, 
1848,  pt.  2,  Miscellaneous,  p.  35. 

Tnnueleu9y  (kUymene^  Pkaeope,  Poliyeree  n. 
g.,  Prionoeh^QMe^  Ohetrurtie^  NUeue,  Ogygia, 
lUamus. 

Structure  des  Triiobites. 

In  Annates  Sci.Nai.,  vol.  12, 1881, 88  pp.,  pla. 
1-3. 

A  review  of  C.  D.  WalooU*a  "Organisation 
of  Triiobites." 

Aeidaepie,  (Mifmene,  Omiurut,  TrimiuMu$t 
Aeapkui,  Eurypterui. 

MitoheU  (John).  On  some  new  Triio- 
bites firom  Bowning,  N.  8.  W. 

In  Proc.  Linnean  Soc.  New  South  Wales,  M 
series,  voL  2, 1887^  p.  43ft.  pi.  IS. 

Preetus  botonii^feneitt  Oypkaepit  howntn 
gentii^  BrotUeue  Umgitpinifer, 

On  a  new  Trilobite  firom  Bowning. 

In  Proc.  Linnean  Soo.  "Sew  South  Wales,  Id 
series,  voL  8, 1888,  p.  897,  pl.  18  of  voL  2. 
Aeidaepie  kmgiepinis, 

Mitchell  (Samuel  L. )  An  account  of  the 
impressions  of  a  fish  in  the  rocks  of 
Oneida  County,  New  York. 

In  Am.  Monthly  Mag.,  voL  8, 1818,  p.  SSL 
The  author  states  that  the  New  York  fossil, 
firom  the  town  of  Westmoreland,  **  ia  separated 
into  platea,  like  thoee  of  an  insect  or  omsla* 
ceous  animal,  reaching  from  side  to  aide  quite 
across  the  back.  Eleven  entire  plates  and  part 
4>f  the  twelfth  can  be  counted.  They  are  not  so 
broad  near  the  head  and  thorax  aa  they  are  on 
approaching  the  tail;  for  between  the  peotond 
ilns  they  fall  short  of  a  quarter  of  an  inch, 
while  on  approaching  the  caudal  fin  they  grad- 
ually enlarge  until  they  exceed  that  measure.*' 
JSitrypterut  remipet  De  Kay. 

Modeer  (A.)  Anmerkungen  tlber  einige 
nerikische  Yersteinerungen.  (*) 

In  Berlin.  GeseU.  naturt  Freunde,  toL  S. 
1785,  p.  247,  pl.  2,  flgs.  l-S-12. 

{AgnoetuM  pit\formi»),  pL  8,  flgs.  1, 2 ;  (Oiemie 
giiboeui),  pL  2,  flgs.  Z-5 ;  ( OUnue  eoambmoidei), 
pL2,flg.7. 

Moller  (Valerian  von).  Ueber  die  Trdo- 
biten  der  Steinkohlenformation  des 
Ural,  nebst  einer  Uebersicht  und  eini- 
gen  Erganzungen  der  bisherigen  Beob- 
achtnngen  Uber  Kohlen-Trilobiten  im 
Allgemeinen.    Moscoa,  1867.    1  pL 

In  BulL  Soc.  Imp.  des  KaturaUates  Mosoon, 
No.l,18S7. 

QrifUkidee,  PhUUpeia,  Braekgmetopui. 

Morris  (J. )  Catalogue  of  British  fossils. 
London,  1843.    2d  ed.,  London,  18^|^ 
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Mortimer  (C.)  The  desoription  and  fig- 
ures of  a  fmall,  flat,  spheroidal  stone 
having  lines  formed  on  it. 

In  Pbilos.  Trans.  Boyal  800.  London,  toL 
46. 17«0,p.002,p1t.l,t. 
(Otolymam  Mumcn6a«M.) 

Mifller  (O.  F. )  Entomostraca  sen  inseota 
testaoea  qu»  in  aqnis  Daniie  et  Nor- 
wegi»  reperit,  etc.  LipsiaB  et  HafnisB, 
1785.    21  pis. 

The  cenorio  form  O^thtHna  wm  sabatitated 
by  LuDATok  for  Httller*i  Oythere,  and  has  been 
naed  by  many  authors.  Prol  J.  D.  Dana  uses 
the  term  OytKerina  to  represent  a  sabgenus. 

Miinster  (G.  G.)  Ueber  einige  foesile 
Arten  Cypris  nnd  Cy(her§, 

In  Jahrbttch  fQr  Mineral.,  1880;  p.  60. 
Oytktre  hitsingeri. 
— —  and  Meyer  (H.  von).    See  Meyer 

and  Miinater. 
Mnrohiaon  (R.  I. )  The  Silnrian  system, 
Ibnnded  on  geological  researches  in 
the  counties  of  Salop,  Hereford,  Rad- 
nor, etc.  [London,  2  vols.,  1839,  40 
pis.,  and  3  largo  maps  in  folio.] 

Oaiymene,  Homdlonotut,  A$aphu$f  Ogygia, 
IUcmtM,  Bunuuhu  n.  g.,  Acidaapii  n.  g.,  Trinu- 
cUm  n.  g.,  Agnottui. 

— «-  Metamorphosis  of  certain  Trilobites 
as  recently  discoyered  by  M.  Barraode. 
In  Kept.  10th  Meeting  Brit  Assoc.   Adv. 
80L,  1840,  Trans.  Sec.,  p.  58. 

On  the  Silnrian  rocks  of  the  son^ 

ot  Scotland,  with  a  list  and  descrip- 
tion of  the  Silnrian  fossils  of  Ayn»hire, 
by  J.  W.  Salter. 

In  Quart  Jonr.  Geol.  Soc  London,  vol.  7, 
1861,  p.  187,  pis.  8-10. 

OhHrurut  gelatifumu  Port,  Ataphut  sp.t, 
Oalymtne  blumenbaehi  Brong.,  Fhaeop$  ttokeHi 
Mihie- Edwards,  Hkmut  Ixnpmanif,  lAehoi 
UuMtui  McCoy,  Bnerinurui  punctcUut  BriLn. 

Silnria.    A  history  of  the  oldest 

rocks  in  the  British  Isles  and  other 
countries.  [London,  1854,  geol.  map, 
37  pis.  3d  ed.,  London,  1859,  geol. 
map,  41  pis.  4th  ed.,  London,  1867, 
geol.  map,  42  pis.] 

The  figures  are  all  transferred  firom  the 
original  plates  in  the  **  Silurian  system."  In 
eyery  ease  where  the  old  name  has  been 
changed,  in  aooordanoe  with  more  recent  no- 
menelatnre,  the  name  used  in  the  original 
work  is  inserted  in  brackets. 

,  Vemeuil  (E.  de)  and  Keyaerling 

(Alex.  Ton).  Geology  and  paleontol- 
ogy of  Russia  and  the  Ural  Mountains. 


Mnrohiaon  (R.  I. )  and  Venieall  (E.  de) — 
Continued. 

[London,  1845,  2  vols.,  50  pis.  Pale- 
ontology, vol.  2;  Crustacea,  p.  376, 
pi.  27.] 

Amphut  egpantas  Dalm.,  PMQ»p«te  tiek. 
waldi  Fischer,  P.  curadiea  n.  a.,  OtUym^m^ 
odeni  Blchw.,  O.  Jlteheri  Bichw. 

Nathorat  ( A.  G. )  Om  lager-foUden  inom 
Cambriska  formationen  vid  Andramm 
i  Sk&ne. 

In  OfVerslgtkongL  Svenska  Tet-Akad.  FSr- 
handl.,  1880, 2}o.  1,  p.  81. 

Om  de  Kambriska  och  Silnriska  la- 

gren  vid  Kiviksesperid  1  Sk&nc  jemte 
anm&rkningar  om  primordial  fannana 
lager  vid  Andrarum. 

In  GeoL  Fdrebingena  Stockh<dm  FOrhandL, 
Ko.87,ToL8,1878. 

Om  det  inbordes  f5rh&llandet  af  la- 

gren  med  Paradojnde$  ifland%cH$  ooh  P. 

tesHni  p&  Oland. 
In  Geol.  Foreningens  Stockholm  Fdrbaiidl., 

Ko.08,Tol.8,188L 
Om  det  iu hordes  Mdersforh&llandet 

mellan  zonema  med  OlenellMt  hferulfi, 

och  Paradoxidea  olandieut. 

In  QeoL  FSreningens  Stockholm  FdriuuidL, 

No.  71.  ToL  8, 1882. 

The  position  of  the  Olenellns  beds. 

*    In  Am.  Geol,  voL  2, 1888,  p.  356. 

Newberry  (J.  S.)  China,  by  Ferdinand 
F.  von  Richthofen.  Vol.  4.  Berlin, 
1883. 

In  Am.  Joor.  Sci,  3d  series,  toL  20, 1883,  p. 
162. 

This  is  a  notice  of  the  pal»ontologioal  vid- 
ume. 

Nicholson  ( H.  A. )  A  manual  of  palaeon- 
tology for  the  use  of  students,  with  a 
general  introduction  on  the  principtee 
of  palaeontology,  in  two  volumes.  VoL 
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Harpes,  (Myrnene  (Oeraurui,  Phacopt), 
HomahfMtut,  A§aphuM,  Bronteui, 

The  Malvern  Hill  compared  with  the 

Palnosoic  district  of  Abberley,  Wool- 
hope,  May  Hill,  Tortworth,  and  Usk. 

In  Mem.  0«oL  Surrey  6t  Brit,  vol.  2,  pt.  1, 
London*  1848.  Pabeontologioal  appendix  to 
Prof.  John  Phillipe's  memoir  on  the  "  Malyem 
Hills  compared  with  the  PalaE«soio  district  of 
Abberley,"  etc..  by  John  Phillipe  and  J.  W. 
Salter.    JMd..  pp.  831-386,  30  pis. 

For  list  of  genera,  see  Salter  (J.W.)  and 
PhllUpa  iJohn). 

Manual  of  geology.    Pt.  2.    Ed.  hy 

Bob.  Etheridge.    1885,  pis.  1-12. 

Puradouidu,  Otenut,  A$aphus,  Ogygia,  Oai^- 
iiMfM,  Triniuimu^  Agnatttu,  TUmn,u9,  lAeha; 
Beyriehia^  Stygituh  PkMops,  Oybele,  CAcirurtM, 
JUanopleur  des,  Harpti,  Atnpyz,  Aeidaspi$t  Oy- 
phowUeut^  JEglina,  Sphcfrexochut,  Encrinurug, 
Cfyphoipii,  Proetu*.  Pterygotut,  BronUtu, 
HomtUofwttu,  PhiUipHa. 

Piotet  (F.-J.)  Traits  de  pal^ntologie, 
on  histoire  naturelle  des  animaax  fos- 
siles  consid6r^  dans  leors  rapports 
soologiqne  et  g^logiqne.  4  vols  and 
atlas.  Paris,  1853-'57.  Crustacea,  vol. 
2,  1854,  p.  413. 

The  aathor  arranj^  the  families  and  genera 
as  fbliows:  Harpidie:  Harpet.  ParadoxidiB: 
BemopUuridMt  Paradoxidet,  Hydroeephahu, 
Sao,  ArioneUM,  EUiptoeephalta,  OUntu,  Pel- 
furs,  TriarthrtUt  OonocephaUt$»,  CaiymenidiB, 
Ut  section,  Proetidie :  Proetu*,  PhUKpeia,  Oy- 
phoipie,  ArethuHna,  Harpee ;  2«l  section,  Plia- 
oopidfD:  Phaoope,  Dalmania ;  3d  section,  Ca1y< 
menidic:  Oalymene^  Homalonoiut.  LichasidsB. 
JAefuu.  TrinodeideD:  TrinueUw,  Ampyx,  IHo- 
nide.  AsaphidsB:  Aeapkut,  Symphyntrue, 
Ogygia,  iBglinld»:  ^glina,  TUsnidaa:  like- 
nu9,NUeu§.  Odontopleuride:  Aeidaepie,  Ohei- 
funu,  Plaeoparia,  Spfuerexoohui,  Stauroeepha- 
lui,  Deiphon,  Zethue,  Dindymene.  Amphioni- 
d»:  Amphiony  Oromtu,  £nerinum*.  Bromi- 
de: Bronteue.  Agnostidse:  Agnottui.  Phyllo- 
pod»:  Aputiem,  Dithyrocaris,  Apu$,  Ettheria, 
CopepodiB:  Eurypterue.  Cyproidie:  Oythere, 
Bmirdia,  Beyriehia,  Leperditia,  OyprU.  Cypri* 
din»:  Cfypretta,  OyprideUa,  Xiphosnre:  Li- 
fiMilitf.  Betinurus,  PUrygoUu.  Amphipods: 
Gan^^eonyx. 


Pitt.    See  Orote  and  Pitt 

Plant  (John).    On  the  discovery  ofPara- 

daxide$  davidis  at  Tyddyngwladis,  near 

Dolgelly,  North  Wales. 
In  Trana.  Manchester  €»eoL  Soc,  roL  5^  1S88. 

P.W. 

Pohlman  (Jnlins).  On  certain  fossils  of 
the  Waterlime  group  near  Baffalo. 

In  Boll.  Boflklo  Soo.  Kat  Sci.,  toL  4. 188l«  p. 
17,7  figs. 
PUrygotue  bufatoentis,  CferaHoeatie  grmndit. 

Additional  notes  on  the  fauna  of  the 

Waterlime  group. 

In  Bull.  Baffalo  Sea  Nat  ScL.  toL  4, 188S,  p. 
41,  2  pis. 

Euryptenu  gigantmu,  Pterygotui  globioauda- 
hu,  P.  tieuticaudatue,  P.  quadrtMeandatue,  P. 
fnaeropMAalmtHef,  P.  buffaloentit. 

Fossils  from  the  Waterlime  gionp 

near  Buffalo,  N.  T. 

In  BnU.  Boflklo  Soc.  Nat  Sci.,  rol.  5,  1886,  p. 
17,  pL  3. 

Pterygotui  bufaloentiB,  P.  hiMue,  OormUooa- 
rii  aeunUnatue,  Euearoue,  E.  grandit,  BuryptO' 
ruM  eeorpionie  (the  term  Eurypiortu  •eorpitt' 
dee  was  used  by  Henry  Woodward  for  a  speoiea 
of  this  genas  in  18S8.  See  EwrypUnu  poU- 
momi). 

Portlook  (J.  £.)  Beport  on  the  geology 
of  the  county  of  Londonderry,  and  of 
parts  of  Tyrone  and  Fermanagh.  Dnb- 
lin,  1843, 28  pis.,  also  maps  and  sections. 
Harpet,  BMVMpUwrideexi.  g.,  Ptoetut^  PhiOip- 
tia  u.  g.,  GrifiUddsa  n.  g.,  Phttoope,  Odiymemt^ 
gee,  TrinuciUue,  AtRpyx^  Nuttainia,  Ampkus, 
leoteiue,  Ogygia,  Ceraurue,  AmpkUm,  Zetkue, 
Brontee,  lUatnut,  Dithyocarie  (Soooler)  Port- 
lock,  Limulue, 

Poatlethwaite  (J.)  and  Ooodohild  <J. 
G. )  On  some  Trilobites  from  the  Skid- 
daw  slates. 

In  Proc.  Geologist  Assoc.,  vol.  8.  Ko.  7. 1886, 
p.  455,  pU.  S-8. 

In  this  contribution  the  initials  of  eadi  aa- 
thor designate  the  paragraphs  written  by  him. 

The  following  list  is  giren  of  the  Trilobito 
fauna  of  the  Skiddaw  sla^ : 

Phacopenieholeoni  Salter,  Ojf&el^ovatoBther- 
idge,  Oatymene  bre9ieapiUUat,  Rem&pleueidaa 
sp.  t ,  Olenu*  sp.  f ,  Trinaeletu  giNuii  t,  Ogjfgia 
eelioyyU,  Ogygia  sp.  f ,  Barrandia  faleata  P.  Sc 
G.,  Niobe  doveri  Bth.,  Eurymetopue  cambrianus 
n.  g.  and  n.  sp.  P.  Sc  G.,  E.harrieonU  1*.  ic  0», 
JEgUnat  rediviva  Barr.,  A.  binodoea,  A.  obtu- 
eieauda  Hicks,  A.  f  eaUginooa,  Agnsitut  morei 
Salter. 
Prestwlch  (S.)  On  the  geology  of  Coal- 
brook  Dale. 

In  Trans.  Oeol.  Soc.  London,  vol.  6^  IMO,  p. 
418,  map,  2  sections,  4  pis. 

BeKnwrue. 
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Qneiiatedt  (F.  A.)  BeitrSge  zur  Ketint- 
nifli  der  Trilobiten.  RUoksioht  aaf  ihre 
beatimmte  Gliederzahl. 

In  Atohiv  fOr  Kstnrgetoh.  (Wiegmann), 
ToLl^BerUn,  1837,  p.  837. 

In  this  work  Prof.  F.  A.  Qoenstedt  divides 
tiM  Trilobitos  into  two  groups:  1.  TrUobitM 
with  fikceted  eyes;  2.  Trilobites  with  non- 
ftoetsd  eyes.  Tlie  gonerft  are  olnsaifled  accord- 
ing to  tlie  number  of  segments  In  the  thorax. 

Rafinesqae  (C.  S.)  *  On  the  genera  of  fos- 
sil TrUobites  or  Glomerites  of  North 
America. 

In  Atlantic  Jonr.  and  Friend  to  Knowledge, 
▼oL  1, 1882,  p.  71. 

Ramsay  (A.  C.)  The  geology  of  North 
Walea,  with  an  appendix  on  the  fossils; 
with  plates  by  J.  W.  Salter. 

In  Mem.  OeoL  Sorvey  Gt  Brit.,  vol.  3, 1886. 

DiiDdoeepkal%$^  Otenut,  ParaboUna^  Ooruh 
earjfphe,  Angelina,  Homaionotus,  IAoha$,  TrinM- 
slnis,  DUmide,  Ampyx,  Ataphtu,  Niohe^JEglina, 
GmruruM^  XneHtmrua^  lUantu,  Agnottui,  Pti- 
loMpAoitit,  B^ifrichia^  HymenoearU, 

Rathlnin  (Richard).    See  Hartt  (C.  F.) 

and  Rathbnn  (Richard). 
Ratta  (F.)    Note  on  some  Trilobites  new 
to  Australia. 

In  Proc.  Linn.  Soo.  New  Sonth  Wales,  2d 
series,  vol.  1, 1888,  p.  1067.  3  pU. 
JAehaSt  Proetttt,  Aeidatpit, 

- —  Note  on  some  Trilobites  new  to  Aus- 
tralia. 

In  Froc  Linn.  Soo.  New  Sonth  Wales,  2d 
series,  vol.  2, 1887.  p.  96,  2  pis. 

lAekat,  Acidatpii,  Staurocephalut. 

Razomnowsky  {Comte  de).    Qnelqnes 
obseryations  snr  les  Trilobites  et  lenrs 
gisements. 
In  Annates  Sci.  Nat.  Paris,  vol.  8, 1826,  p.  186. 
THlobites  de  Zarsko  silo. 

Remote  (A.)     Kataloge  der  G^ohiebe- 

samnanng.    Bertin,  1885.  (*) 

Renaa  (A.  E.)    Entomostraca  and  Fora- 

minifera  of  the  Zechstein  of  the  Wet- 

teraa.    Plate. 
In  Jahresbericht  der  wetterauisohen  Gesell. 

fUr  die  gesammte  Natork.,  1864,  p.  59  (Haoan). 

Palsontologische  Miscellen. 

In  Denkschriffeen  k.  Akad.  Wiss.  Wien,  toI 
19. 1866.  7  pis. 

Lepidodertna  n.  g.,  Ltpidoderma  imhoJL 

This  genns  is  referred  by  H.  Woodward  to 
the  genns  Bwryptenu, 
Renaa  (F.)   Geo^ostische  Bemerknngen 
aof  einer  Reise  dnroh  einen  Ti.eil  des 
Pilsner  Kreises. 

In  Sanunlmif  natorfaist.  AaiMtBe,-ToL  4, 
11H  p.  47. 


Renter  (G. )    Die  Beyrichien  der  obersiln- 
risohen  Dilayialgescbiebe  Ostpreassetis. 
In  Zttitschr.  DeiiUwh  geoL  GeselL.  Berlin, 
▼oL  87, 1886,  p.  621.  pis.  25, 26. 

Richter(R.)  Boitra|;e  zur  PalsBoutolo- 
gie  Thiiringens.     Leipzig,  1848, 6  pis. 

Aus  dem  thiiringisohen  Zechstein. 

In  Zeitschr.  Deutsch.  geol.  Gesell..  Berlin, 
▼oL  7, 1856^  p.  526. 

Oythere,  OythereUa,  Oytherei$,  Bairdia. 

Aus  dem  thiiringisohen  Schiefe^ge- 

birge. 

In  Zeitschr.  Dentsch.  geol.  Gesell..  Berlin, 
ToL  15, 1863,  PL  650, 2  pis. 

HarpeM,  Proehu,  Arethuiina,  PhyUatpii  n. 
g.,  Phacops,  Acidoipis,  Beyrichia. 

Aus  dem  thiiringisohen  Schieferge- 

birge. 

In  Zeitschr.  Dentsch.  geoL  Gesell.,  Berlin, 
T0l.l7,1885vp.361,2pla. 

Proetut  expantua,  P.  plagiephthalmui,  Ch$i- 
ntnu,  Beyrichia  Uodeni,  B,  tubcyUndria, 

Das  thiiringische  Schiefergebirge. 

In  Zeitschr.  Dentsch.  geol.  Gesell.,  Berlin, 
yoL2j,1869,p.341. 
Proetui,  Phaeopt,  DahnantUM, 

DeTonische  Entomoetraoeen  in  Thtt« 

ringeu. 

In  Zeitschr.  Dentsch.  geoL  GeselL,  Berlin, 
vol.  21, 1869,  p.  757,  pis.  20, 2L 

Beyrickia,  Oypridinat  Oytherina. 

Roberg  (L.)  DIssertatio  academioa  de 
linviatile  Astaco,  etc.    Upsali»,  1715. 

This  work  contains  a  plate  with  the  figure  of 
the  pygidia  of  Trilobites  and  a  fossil  Crusta- 
cean. Jig.  H  is  of  a  large  pygidinm  of  some 
species  of  Ataphus.  Fig.  J  is  a  cast  in  stone 
of  a  smaller  species  of  the  same  genus.  The 
author  remarks  "tliat  be  found  the  specimens 
during  an  excursion  along  the  shores  of  the 
Bsltic  Sea,  in  a  red  limestone."  He  has  the 
merit  of  referring  these  fossils  to  the  class 
Crustacea. 

Roemer  (  F.  A. )  Versteinemngen  der 
Hartzgebirge.  Hannov^er,  1843,  12  pis. 
Crastacea,  p.  37. 

BronUt  flabeUsfer,  B.  9ignatu$,  B.  f  glabra- 
tus,  Calymene  f  jordoni,  C.  tehutteri,  O.  mb' 
omattu,  O.  hydroeephala,  Atapkus  ginekeni, 
Paradoxidu  groiei,  HomalUmoHu  ahrendi,  H. 
ptmetatuM,  H.  gigat. 

Roomer  (Ferdinand).  Beitrage  znr  ge- 
ologischen  Kenntniss  des  nord west- 
lichen  Harzgebirges. 

In  Paleontographica,  vols.  3, 5,  and  13, 5  pts., 
Cassel  1854-'66,  38  pis. 

Oonoceptialus,  Proetui,  Oyphaapia,  Phacop$, 
TrimerocephaluM,  HomaUmotu$.  Lichas,  Bron- 
Uut,  Addafpit,  Trockut,  Ohnrurus,  DithyrO' 
earii,  Oypridina,  Harpes,  PhiUSptia. 
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Roemer  (Ferdinand)— Cootiuaed. 

Dae  rheinUohe  Uebergangsgebirge, 

eine  pa]»ontologisch  -  geognostische 
Darstellong.    Hannover,  1844,  pi.  2. 

Pkaecp9  UUifrona,  PUuracantktu  admaiui, 
P.  puneUUus,  Oerattot  kevigattu. 

Texas,   niit  be«onderer  RUcksioht 

aof  deutsche  Answandemng  and  die 
phyeischen  Verhiiltnisse  dea  Landes, 
nach  eigener  Beobachtung  geschildert. 
Mtt  einem  natarwissensobaftliohen 
Auhange  und  einer  topographisch- 
geognostiscben  Karte  von  Texas. 
Bonn,  1849. 

In  the  list  of  fossila  on  p.  421  PteroeephaUa 
8€meH  tdbct  Koemer  is  mentioned. 

Ueber  ein  bisber  nicbt  bescbriebenes 

Exemplar  von  EurypteruB  ans  devoni- 
scben  Sohicbten  des  New  York. 
In  PalsBontograpbicA,  vol.  1,  1851,  p.  190. 

Die    Kreidebildang    von    Texas. 

Bonn,  1852,  11  pis. 

PUrottphalia  ^aneti  aabce  n.  g.  and  ap. 

Notiz  ttber  eine  riesenbafte  neue  Art 

der  Gattung  Leper ditia  in  silnrischen 
Diluvial-Gescbieben  Ost-Preussen's. 

In  Zeitachr.  Deatach.  geoL  Geaell,  Berlin. 
voL  10,  1858,  p.  35«,  2  flga. 

Leperditia  bcUtiea,  L.  giganUa. 

Die  Versteinernngen  der  silariscben 

Dilnvial-Geschiebe  von  Groningen  in 
Holland. 

In  Neoea  Jahrbnoh  fflr  1£inenil.,  1858,  p.  257. 

PtoetuSf  Uncrinurui,  Btyriehia,  Oytherina. 

Die  Silnriscbe  Fayna  des  westlicben 

Tennessee.    Breslan,  1860,  5  pis. 

Dalmania,  Calymetu,  (kmurui,  Sphderwo- 
€hutt  Bumastiu, 

Palffio-letbaea.    II.  Theil:  Kohlen- 

Periode  (Silnr-,  Devon-,  Kohlen-  nnd 
Zechstein-Forniation). 

In  Bronn't)  Lettuea  geognoatica,  etc.,  Stutt- 
gart, 1851-'56. 

For  liat  of  genera,  see  Bronn  (H.  O.)  and 
Roemer  <F.)    Letba&a  geogn. 

Bericbt  tlber  eine  geologisohe  Reise 

uaob  Norwegen  im  Sommer  1859. 

In  Zeitachr.  Dentach.  geol.  Geaell.,  Berlin, 
ToL  11, 1860. 

Dalmania,  Oryphanu,  Asaphut,  lUctnut, 
Phacop$. 

Die  fossile  Fauna  der  silariscben 

Dilnvial-Geschiebe  von  Sadewitz  bei 
Oels  in  Niedersohlesien.  Breslaa,  1861, 
8  pis. 

Oeruufu$,  Remoplewridet,  Itota%u,  Ataphut, 
Ittantu,  Ohannops,  Proetut,  Calj/mene,  Enori- 
nurtu,  Liehat. 


Roemer  (Ferdinand)— Continaed. 

Ueber  die  Dilavial-Geaohiebe   von 

nordischen  Sediment&r  -  Gestelnen  in 
den  norddeatschen  Ebene  etc. 

In  Zeitachr.  Dentach.  geoL  (JeaelL,  Beriln. 
voL  14, 1882,  p.  675. 
B^yriehia. 

Ueber  eine  marine  Conobylien-FaanA 

im  prudactiven  Steinkohlengebii^ 
Oberschlesiens. 

In  Zeitachr.  Dentach.  gaol.  Geaea,  Beriin, 
vol.  15,  1883,  p.  687,  pla.  14-18. 

GtiJUhidet  meaohtbereulata  McCoy,  PkOHm- 
tia. 

Notiz   Uber  das   Vorkommen    von 

Eurypterm    9cquUH  im    niederaohleai- 

schen  Steinkohiengebirge. 

In  Zeitachr.  Dentach.  geoL  GeaelL,  Berlin, 
vol.  26,  1873,  p.  582,  1  fig. 

LethfiBa  palseozoioa.   Stattgart,  1^0, 

Text  and  atlas. 

Ueber  die  Gattnng  Arthropleura  ana 

dem  schlesischen  Steinkohlengebirge. 

In  Sitznngaber.  achlea.  Geaell.  fftr  vaterlftnd. 
Cnltnr,  BreaUui,  Jahrg.  1880,  p.  128. 

Ueber  eine  Kohlenkalk-Fauna  der 

Westkllste  von  Samatra.  CaaseL  1880. 
3  pis. 

PhUhpMia  tumatrentit  Boemer. 

Ueber  eine  Art  der  Limaliden-Gat- 

tung  Bettawnw  ans  dem  Steinkohlesnge- 
birge  Oberschleden's. 

In  Zeitachr.  Deatach.  geol.  GeaelL.  Barlln, 
VOL  85, 1883,  p.  420, 2  flga. 

Lethffia  erratioa,  oder  Ani^blang 

and  Beschreibnng  der  in  den  nord- 
dentsoben  Ebene  vorkommenden  Di- 
lavial  Gesohiebe  nordischen  Sedimen- 
tar-Gesteine.    Berlin,  1885,  11  pla. 

In  thla  work  many  Trik>bltea  and  other 
Croataoea  are  mentioned,  bat  only  a  few  new 
apeciea  are  figured. 

Rogers  (W.  B.)  Discovery  of  Paradoxic 
des  in  the  altered  rocks  of  Massachn- 
setts. 

In  Bdinb.  New  Philoa.  Jonr.,  vol.  4, 1858w 

On  the  discovery  of  Cambrian  fosaila 

at  Braintree,  Mass. 

In  Proc.  Boaton  Soc  Nat  Hiat.,  vol.  5»  1854, 
p.  27  (oontinaed  on  p.  40). 
Paradoxide*  hariani  Green. 

Parttdoxides  near  Boston. 

In  Edinb.  New  Philoa.  J<mr.,  vol.  6;  1867,  p^ 
314. 

Rogers  (  Henry  D.  )  The  geology  of 
Pennsylvania.  A  Govemmant  aarvey 
with  a  general  view  of  the   geology 
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XofitB  (Henry  D.)— Continned. 
of  the  United  States,  essays  on  the  coal 
formation  and  its  fossils,  and  a  descrip- 
tion of  the  eoal  fields  of  North  America 
and  Great  Britain.  2  vols.  Edin-* 
hnigh,  London,  and  Philadelphia,  1858. 
Atlas  of  plates  and  maps. 

Org«nlo  remains  of  the  Palieosoio  strata  of 
PeoBfylTaDia,  vol.  2,  pp.  815-834. 

ParadMcidst,  Ataphiu,  Oalymene, 

Ifotea  on  the  BeyrieMa  und  Leperditia,  by  T. 
Bnpert  Jonea.  vol.  2,  p.  834,  figs.  595-699. 
Rominger  (C.)    Description  of  Primor- 
dial fossils  from  Monnt  Stephens,  N.  W. 
Territory  of  Canada. 

In  Pioc.  Acad.  Nat  Soi.  Phila.,  1887,  p.  12. 
IpL 

Ogyffia,  JSmbolinttit  n.  g,  MMocephdliu, 
OonocephaUUt,  Bathyurutf.AgnoHuM. 

Dr.  C.  Rominger's  rejoinder  to  Mr. 

C.  D.  Walcott. 

In  Am.  Geologist,  toL  2. 1888,  p.  366. 
Rooanlt  (Marie).    M^moire  sar  les  Trilo- 
hites  da  d^partement  d'llle  et-Vilaine. 

In  Bull.  Soo.  (t^I.  FTanoe,2d  series,  vol.  4, 
1846;  p.  809. 

IHnudetu,  NiUut,  PrionoeheUus  n.  g.,  Oaly- 
MSiM,  Pftotfopt,  Po^&ret,  Oheirwua,  Trinueleus. 

M^moire.    1.   Sar  la  composition  da 

test  dea  Trilobites.  2.  Sar  les  change- 
ments  de  formes  das  k  dee  causes  acci- 
dentelles,  oe  qni  a  pa  permettre  de  con- 
fondre  des  esp^ces  diff^rentes. 

In  BnU.  Soc.  G6ol.  France,  voL  6, 1848,  p.  67, 
pis.  1-2.  • 

Og^gia  hrongniarti,  O.  edtoardsi,  lUcenui  det- 
«a«r«#f{,  OaHymene  arago,  Trinucieut. 

Fossiles  dn  terraia  silarien,  6tage 

da  schiste,  ardoisier  fosillif^re,  Crus- 
tao^iiamille  des  Trilobites. 
In  BnlL  Soo.  O^l.  France,  vol.  8, 1851,  p.  358. 
Oafymene  tdUeri,  O.  vemtuHi^  DaXinannia 
9etUlurtit  D.  inoerta,  Plaeoparia  toumemini, 
Offifffia  desmaresti,  Somdlonotut  brongniarti^ 
S.  barrandeit  JET.  hatumanni,  H,  legraverendi, 
PUmiaaomia  kieneria,  Proetta  huhayi,  P.  mi- 
duUni,  OyphaapU^  Beyrichia,  LeperdUia  n.  g., 
L.  britannicth  Phaoopt. 

Saflbrd  (J.  M.)  (Geology  of  Tennessee. 
Nashville,  1869,  7  pis.  and  map. 

Tbe  aathor,  in  his  catalogae  of  Trenton 
and  Vashrille  fossils  occurring  in  the  Central 
Baain,  p.  286^  gives  the  names  of  Dalmanitet 
trootU  n.  s.  and  Snerinurtu  exeedrinu9  n.  s.,  but 
without  specific  descriptions. 

Sandberger  (G.)  and  Sandberger  (F.) 
Die  Versteinernngen  des  rheinischen 
Sehiohten-^ystem  in  Nassan.  Wiesba- 
den,  l8d0-'56,  atlas  io  folio,  39  pis. 


Sandberger  (G  )  and  Sandberger  (F.  )^ 
Continned. 

Harpet,  Cfyphatpis,  TrigontupU  n.  g.,  Oylin- 
dratpiin,g.,  Phcteops,  Dalmanites,  Homalono- 
tui,  Odontoplmtrci,  Oheirurut,  Sronteuit  Oyprin- 
dia. 

Salter  (J.  W.)    On  the  stractnre  of  2Vi- 
nucUu8f  with  remarks  on  other  species. 
In  Quart.  Jour.  GeoL  Soc  London,  voL  8, 
1847,  p.  251,  4  figs. 

Crastacea. 

In  Mom.  Geol.  Survey  Gl  Britain,  vol.  2,  pt. 
1,  1848,  pp.  333-352,  figure,  pis.  5-8. 

Olenui,  Proetut,  Phacopa,  Dalrnannia,  OaXy- 
fnene,  Lieha*,  Trinucieut,  Ampym,  Ogygia^  IUob- 
nut,  Aeidaspit,  Oheirurut,  Sphcertxoehut,  Oy- 
belt,  Agnottut,  Beyriehui, 

and  Forbes  ( Edward ) .    Figares  and 

descriptions  illastrative  of  British  or- 
ganic remains.    Decade  2. 

In  Mem.  Geul.  Survey  United  Kingdom  Lon- 
don, 1840,  10  pis. 

Paradoxidet,  Olenut,  ParahoUna  n.  g.,  Pha- 
copt,  Dalmannia,  PorUockia,  OrypJueut,  Caly- 
mene,  Ampyx,  Braehampyx  n.  g.,  Ataphut, 
Ogygia,  lUcenut,  Bunutttut. 

The  description  of  all  the  species,  with  the 
exception  of  Ampyx  nudut,  was  made  by  J.  W. 
Salter. 

Description  of  Pterygolus  prohlemaH' 

0U8  Agass. 

In  Quart.  Jour.  Geol.  Soc.  London,  voL  8, 
1852,  p.  386,  pi.  21. 
Pterygotut,  BeOinurut. 

Appendix  A  to  British  PalaBozoic 

fossils  in  the  Geological  Maseam,  Uni- 
versity of  Cambridge.  London,  1852 
(Sedgwick  and  McCoy). 

Description  of  »  few  species  ft*om  Wales  and 
Westmoreland,  referred  to  in  the  foregoing 
work  by  John  William  Salter,  p.  645. 

Phaeopt,  Oalymene,  Homalonotut,  Liehat, 
lUcenut,  Oheirurut,  Enerinurttt,  Oybele,  Bey- 
richia, Oythere,  Eutypierut. 

On  the  lowest  fossiliferoas  beds  of 

North  Wales. 

In  Rept.  22d  Meeting  Brit.  Assoc.  Adv.  Sci., 
1852,  Trans,  of  Sec.,  p.  66. 

Hymenocarit  n.  g. 

On  a  few  genera  of  Irish  Silariaa 

fossils. 

In  Rept.  22d  Meeting  Brit.  Assoc.  Adv.  Sci., 
J852,  Trans,  of  Sec,  p.  59. 

Stygina  n.  g.,  (Jyphonitout  n.  g.,  BenwpUuri- 
dtt,  Oyphatpit,  ^glina,  Aoidatpit. 

Notes  on  the  Trilobites. 

Appendix  C  to  an  article  by  Senhor  Carlos 
Ribeiro  on  the  Carboniferous  and  Silurian  for- 
matioDB  of  the  neighborhood  of  Bussaco,  in 
Portugal. 
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A  BIBLIOGRAPHY   OP  PALEOZOIC   CRUSTACEA, 


[Bou.ei. 


Salter  (J.  W.)-OontiDued. 

In  Qnui.  Jovr.  0«oL  800.  Londoiit  to).  9* 
Itt3.  P-  1M»  Pl.  7. 

Phaeop$f  Catymtne^  TrinueUut,  Ogygia,  lUm- 
mut  Pkuoparia, 

-^-  On  Aretio  Sllarian  fossils. 

In  Qnart.  Jour.  Qeol.  Soe.  Londoo,  toL  0, 
858.  p.  SIS. 
Prietui,  Enerimurui,  Ltptrditia. 

— ^  Figures  and  descriptions  illnstratire 
of  British  organic  remains.    Decade  7. 

In  If  em.  QeoL  Surrey  UDited  EiDgdom,  Lon- 
don, 1853, 10  pU. 

The  genera  are  arranged  in  this  work  in  the 
following  order:  I,  JPhaeop»  dotoningim,  section 
Aoaete,  P.  apxetOatus,  P.  hrongniarti,  P.  dal- 
manni,  P,  jamsHi,  P.  aHfrom,  P.  jukeHi,  P. 
conaphtKalmu* ;  section  Odontoohile  (Dolmcn- 
nia),  P.  fHutronatui,  P.  amphora.  2.  OheiruruM 
bimucnmatuit  section  Orotalooephalas,  O.  arti- 
culahuf ;  section  Cheimms,  O.tpeeionu,  O.ge- 
latinonu,  O.  e€incruru9,  O.  oetoMnUut ;  section 
Actinopeltis,  O.  davifrom.  S.  Sphterexochut 
fnirtu.  4.  Snerinuru*  texeottatus,  E.  puncUt- 
<tt«;  S.  tMiriolarit,  B.  mvJUi99gmentatu$.  6. 
0ypha9pU  m^^Iopt,  C.  pygnuBta  6.  Aeidiupii 
jatHdHi,  A.  bi^notus,  A.  earactaeL  7.  Trinu- 
deusUoydii,  section  1,  Trlnuolens  proper,  T.  con- 
eentrieu»,  with  fonr  varieties,  T.  tkersUe§ ;  sec- 
tion %,  Tretaspia,  T.  $eHcami»,  T.  fimbriattu,  T. 
radiatus.  8.  R^mopteurides  eoUni,  R.  lateritpi- 
ni/rr,  B,  dortopinifer ;  section  Remoplenrides, 
J{.ji(a^/Mp#,  R,  UmgUoiUUut,  'R.  obtutui ;  sec- 
tion 2,  Capbyra,  R.  (Caph.)  radiam.  0.  Oypho- 
niteui  tociaUt,    10.  JEgUna  nUrabUU,  JBgKna 

— *  On  some  new  Crustacea  from  the 
uppermost  Silarian  rocks,  by  J.  W. 
Salter.  With  a  note  on  the  structure 
and  affinities  of  Himantopterus,  by  T. 
H.  Huxley. 

In  Qoaxt  Jour.  Qeol.  Soo.  London,  yoL  12, 
1866,  pl.  28.  figs.  1-7. 

Binuintopterut  n.  g. 

Description  of  the  Crustaceans  from 

the  uppermost  Silurian  rocks  near  Les- 
mahago. 

In  London,  Edinb.,  Dublin  Philoa  Mag.,  vol. 
11,  1856,  p.  88. 

Himantopterus. 

dn  the  great  Pterygotm  (Seraphim) 

of  Scotland  and  other  species. 

In  Rept  26th  Meeting  Brit  Assoc.  Adv. Sot, 
1866,  Trans,  of  Sec.,  p.  75. 

On  fossil  remains  in  the  Cambrian 

rocks  of  the  Longmynd  and  Korth 
Wales. 

In  Qnart  Jonr.  Geol.  Soc.  London,  toL  12, 
1856,  p.  246. 

Pakeopyge  ranuayi,  pl.  4,  fig.  8,  new  species 
andgenns. 


Salter  (J.  W.)— Continued. 

On  two  Silurian  species  ofAeidaspit 

from  Shropshire. 

In  Qnart  Jonr.  GeoL  Soc.  London,  toL  13, 

1857,  p.  210,  pL  6. 

On  some  new  species  of  Ewypterus^ 

With  note  on  the  distribution  of  the 
species. 

In  Quart  Jonr.  Geol.  Soc.  London,  toL  15, 

1858,  p.  229.  pL  10. 

On  the  fossils  of  the  Ungula  flags 

or  zone  Primordiale  Paradoxide9  and 
CoHooephalu$  from  North  America. 
In  Quart  Jour.  GeoL  Soc  London,  toI.  15, 

1859,  p.  651. 4  figs. 

Paradogide$  benn^tH,  Oonoeephahu  antiqua- 
tu$,  Aiaphut  or  Olenxu  sp.  t 

New  Silurian  Crustacea. 

In  Annals  Mag.  Nat  Hist,  3d  series,  Lon- 
don, ToL  5, 1860,  p.  158,  figures. 

CkraKoearit,  Dietyoearit  n.  g.,  Pkytoearit 
n.g. 

On  the  fossils  from  the  High  Andes, 

collected  by  David  Forbes. 

In  Quart  Jour.  Geol.  Soa  London,  vol.  17, 
1861,  p.  62,  pis.  4, 5. 

ProUu*  (Oryphanu)  pentlandi,  EomalonotuM 
Hnarei,  fl.  sp.  f ,  B^griehia/orbetUt  PhaeoptloH- 
ft<m$  Bronn. 

On  some  of  the  higher  Crustacea 

from  the  British  Coal  Measures. 

In  Quart  Jour.  Geol.  Soo.  London,  voL  17, 
1861,  p.  528.  figs.  1-8. 

AfUhrapaXcemon  n.  g.,  PalcBocrangon  n.  g. 

Name  changed  to  that  of  0rang<»p*i9.  See 
same  Journal,  voL  19,  p.  80. 

Crustacea  in  the  Coal  Measures. 

In  London,  Edinb.,  Dublin  PhHoe.  Mag.,  toL 
22, 1861,  p.  825. 

Anthrapalcnnon. 

This  is  merely  a  notice  of  the  article  referred 
to  in  the  Quart  Jour.  GeoL  Soc,  vol.  17, 1861,  p. 
528. 

Description  of  Vraneote^iGoMpimyx) 

socialii  in  the  Rev.  T.  Brown's  paper, 
''Mountain  limestone  and  Lower  Car- 
bonif<3rous  rocks  of  the  Fifeshire 
coast."  (*) 

In  Trans.  Royal  Soo.  Edinb.,  toL  22,  pt  2, 
1861,  p.  394. 

A  monograph  of  British  Trilobites. 

In  PalaM>nt  Soc.  London,  toL  16, 1862,  pp. 
1-83,  pis.  1-6,  ptl. 

PAotfopt,  subgenera  Trimeroo€pka!Uu  MoCoy, 
Phaeopt  Emm.,  AetuU  Gold.,  OA(Ui»o}«  McCoy, 
OdontoeAilf  Corda,  Oryphcmut  OtWin. 

Oheirurtu,  subgenera  Orotaloc0phalu»  Sal- 
ter,  OhHrunu  Beyrich,  Beeoptodiile  Corda, 
AetinopeUii  Corda,  Spharsxoehut  Beyrich, 

Amphion  Pander. 
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Sidter  (J.  W.)-^ontina6d. 

On  some  fowl  Crastaoea  from  the 

Coal  Meaaures  and  Devonian  rocks  of 

New  Bmnswicky  Nora  Scotia,  and  Cape 

Breton. 
In  London,  Edinb..  Dublin  Philoa.  Ifag.,  4th 

a6iiei»TDL24.1M8,p.l08. 

A  monograph  of  British  Trilobites. 

Pt.2.    Pp.  81-128,  pl8.  7-19. 

In  PalsBont  Soo.  London,  voL  17, 1863. 

Cdi^men^  HomaUmotus,  sobgendra  Bron- 
gtUmrtUt  Salter  (not  Brongniartia  Eaton),  Tri- 
mtnt9  Green,  DipUwra  Groen,  Kcenigia  Salter, 
BwrmtigUria  Salter;  Ogyffta,  Staurooephaiut, 
Jhij^iion,  AmpHon. 

On  some  fossil  Crnstaoea  from  the 

Coal  Measures  and  Devonian  rocks  of 
British  North  America. 

In  Quart  Jour.  QeoL  Soo.  London,  vol.  10. 
1883,p.75.  flgs.  1-12. 

AmpkSpdtit  n.  g.,  Diplottfflut  n.  g.,  BurypU- 
rut,  PakBoerangon. 

The  aathor  herein  dhangee  the  nan^e  Paloeo' 
€fmmgon  Salter  to  that  of  OranffoptiM. 

On  some  species  of  EurypieruB  and 

allied  forms. 

In  Qnart  Jonr.  G^eoL  Soc.  London,  yoL  19, 
IMS,  p.  81,  8  wood-cntR. 

SwrypUrua  Bctndgri,  B.  (Arthropleuraf) 
flUMMfnotuf,  B,f  (Ankroplettra)  ferpx. 

On  Peltooaris,  a  new  genus  of  Silu- 
rian Cmstaeea. 

In  Qoart.  Jonr.  GeoL  Soo.  London,  toL  19, 
1S83.  p.  87. 

^tttocoHt  n.  g.,  Hymenoearit,  Oeratioearia, 
Dietyoearit^  DiClhyroearit,  Arget,  Aptt$,  NebtUia, 
Stth0ria»Lep0rdUia,B4yrieMa. 

On  some  tracks  of  Lower  Silurian 

Crustacea. 

In  Qoart.  Joor.  GeoL  Soo.  London,  vol.  19, 
186>t  p.  92,  flgnreel 

Note  on  the  Skiddaw  slate  fossils. 

In  Quart.  Jour.  GeoL  Soo.  London,  voL  19, 
1888,  p.  18&,  figures. 
OaryooarJtn.  g. 

On  the  disooyery  of  Paradoxides  in 

Britain. 

In  Quart.  Jour.  Geol.  Soo.  London,  vol.  19, 
1883,  p.  274. 

FmradcsridM  davidit. 

— = —  On  a  new  Crustacean  from  Glasgow 
Coal  Field. 

In  Quart.  Jour.  GeoL  Soo.  London,  vol.  19, 
1883,  p.  519.  flgs.  1. 2. 
PalaoecanUnu  rusiOUanut. 

A  monograph  of  British  Trilobites. 

Pt.3.    Pp.  129^179,  pis.  15-25. 

In  Pa^fBont  Soo.  London,  vol  18,  for  1804 
(London,  1869. 


Salter  (J.  W.)— Continued. 

Ogygia,  subgenera  BanwuUa,  and  Bmnaiop- 
teon;  Niobe^  Aiaphut,  subgenera  Ptyekopyg^, 
Boiilieuty  Megalatpis,  ItoUlua,  OrypUmymus, 
Sympky$xtrus,  Brachyatpit,  waA  NUeui;  Sty- 
gina^  PtiioeepkaluM  n.  g. 

Figures  and  descriptions  illustrative 

of  British  organic  remains.  Decade  XI. 
Trilobites  (chiefly  Silurian). 

In  Mem.  GeoL  Survey  United  Kingdom,  Lon- 
don, 1884,  10  pis. 

Paradoxidet,  Angelina^  Olmxu,  O.  (Lepto- 
platttu),  O.  (POtura),  O.  (SpheBrophikalmut), 
O.  (ParaboUna),  Oonoeoryphe,  Phaeopa  (Tri- 
m^oeephahu),  8alt4ria  n.  g..  Stygina,  Ataphut, 
^glina,  Staurocephahu,  Agnottut,  A.  (Oondy- 
lopyge),  A.  (Trinodut),  A.  (Phaiacroma). 

Tbe  article  on  Salteria  primcsvn  n.  g.  et  sp.. 
pi.  6,  was  edited  by  P.  WyriUe  Thomson. 

— ^  On  some  fossils  from  the  Lingnla 
flags  of  Wales. 

In  Quart.  Jonr.  GeoL  Soo.  London.,  voL  20, 
1864,  p.  233,  pL  18. 

Paradoxides,  AnopoJmMJtt  n.  g.,  Oonoeoryphe, 
Holoeephalina  n.  g.,  MiorodUewt,  Agnottut, 
Leperditia. 

Note  on  the  fossils  from  the  Budleigh 

Sandstone  Pebble  bed. 

In  Quart.  Jonr.  €^1.  Soo.  London,  voL  20, 
1884,  p.  280,  pL  15. 

Phaeop*  ineerUu,  (kdiymene  trittani.  Homo- 
lonotut  brongniarH,  MyooarU  n.  g. 

For  detailed  description  of  Myocarls,  see 
Geol.  Mag.,  voL  1,  London,  1864,  p.  11,  flg.i. 

On  the  new  genus  Anopi^enuB, 

In  Geol.  Mag.,  vol.  1 ,  London,  1864,  p.  6. 

AnopdUnu*  n.  g.,  Myooa^rit. 
Catalogue  of  the  Museum  of  Practi- 
cal Geology  of  London.    London,  1865. 

and  Woodward  (Henry).    Chart 

of  fossil  Crustacea,  accompanied  by  a 
descriptive  catalogue  of  all  the  genera 
and  species  figured.  London,  1665, 
pis.  3  and  4. 

Permian:  ProtopinitcxiM,  DtdmaniUif  ka- 
bUkta,  Bstheria,  KirVbya,  Bairdia,  Oyth^rideit, 
Oythere,  LimtUut. 

Coal:  Pdlceoearabut,  Pygoeephaku,  UroMctut 
(Oamptonyx),  Diplottylut,  PkUUpHa,  B$tkeria, 
Beyrichia,  Kirkbya,  Leperditia,  Oandona,  Leaia, 
ArthropUura,  Burypterut,  LitmUuif  (Betinu- 
ntt). 

Mountain  Limestone:  PaloBOorwngon^  Bracky- 
metopus,  GHffithideM,  PkiUipHa,  JHthyroearit, 
Oydut,  Bstheria,  Oythere,  Oypridina,  OypreUa, 
Oypridella,  Entoinotumehut,  B§yriehia,  Bairdia, 
Leperditia,  Euryptenu,Limulutf  irHobitoidet, 

Devonian :  AmphipeUit,  Gitocrangon,  Oampe- 
carit,  Proetus,  Encrinurut,  BronUue,  Phaoopa, 
Oyphaepie,  Argee,  Typhofnieeue,  HomaUmohu, 
Harpet,  Oypridina,  Bttheria,  L^f>erdUki^JBi^- 
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Salter  (J.  W.)— Continoad. 

mii,  O^prUUna^  BtyrMiim,  Botkiektfui,  Su- 
r^pierui,  PUtygohu. 

Upper  SUaruin:  BrwiUvM,  Ukmut,  Cifphtu- 
pi»t  Proehu,  Aviaeopleura,  Phaeopt,  £ncri- 
fMintf,  Addatpis,  Oheiruntt,  HomaUmotmt,  Dti- 
phon,  Oalffmeue,  Harpet,  Dietyooaru,  Beyriehia, 
€krat(9cari$,  LeperdiHa,  Stylonurut,  PUrpgotus^ 
SmniatpU^  SKnumia,  Bwn^dtt, 

Lower  SilarUn:  A$aphm,  Stpgima,  NiUut, 
IBoiMit,  .SgUna,  Ogpgia,  Agnothu,  Nio^  Pha- 
eojitt,  TriMUcU^a,  Ampyx,  aphmrexoekmt,  Dio- 
mdt,  SceoptochiU,  Placoparitk,  Liekatt  0pb4U, 
Addatpit,  Oalymtne,  SUnui>ptphaiui,  Be$nO' 
pUwidm^  Oyphonitout,  Atop9,  TriMrthrut,  Corp 
ntxoek%Ut  Oentropleura,  Manoetphaiuit  PeUo- 
Mwit,  BeprtekiOf  Optheropnif  Pntiefuutes. 

OftBbrUa:  Agnoitut^  Smo^  Anomocarit^  DoK- 
ekoftuUyput^  Anpoearitt  Solenopteura,  Mliip^o- 
ctphmU^  ArUmHhu^  Oonoanyphs,  Olemut,  Ace- 
rocarU,  Hydroetphmhu^  Paradooeidei^  LonAo- 
e^phalHtt  Diksloc^phalu*,  PalcKpyg*, 

See  mbo  Bept  35th  Meeting  Brit  AMoe.  Adv. 
BoL,  1M5,  True,  of  Sec,  p.  79 ;  Qeol.  Hag.,  vol. 
2,  London,  1866,  p.  M8. 

and  Blanford  (H.  F. )   Palieontology 

of  Nib,  in  the  northern  Himalayas. 
Calcntta,  1865. 

On  8ome  additional  foatila  from  the 

Lingula  flags,  with  a  nove  on  the  genus 
AnopolenuSf  by  Henry  HicJks. 

In  Quart.  Jonr.  Oeol.  Soo.  London,  toI.  SI, 
1M5,  p.  476. 

AnopoUt^uit  Chnoooryphe,  Microdi§cui,  Holo- 
MjOuUma,  Agnottut,  Erinnyi  n.  g. 

On  the  fossils  of  North  Wales. 

In  Hem.  Geol.  Survey  Gt  Brit.  vol.  3,  Lon- 
don, 1866,  p.  23»,  87  pU. 

DikdoeephaMtt^  OUnuB^  ParodoKna,  (hnoeo' 
ryphe,  Angdina,  HomdUmotus^  JAektu,  TWnti- 
deuit  Dionide^  Ampyx^  A$aphu4,  Ifiobe,  JBgUna, 
Ohdrurtu,  BnerinuruSt  /Ucmia,  Agnoitut,  PH- 
loctphMhu,  Beyriekiat  HymenocarU. 

A  monograph  of  British  Trilobites. 

Pt.  4.     Pp.  177-216,  pis.  25-30. 
In  Palasont.  Soc..  vol.  20, 1867. 
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In  Proe.  Bristol  Nat  Sot,  toL  1, 1866,  p.  83. 
Stokes  (Charles).    On  a  Trilobite  from 
Lake  Huron. 

In  Trans.  OeoL  Soo.  London,  2d  series,  toI. 
1, 1822,  p.  208,  pL  28. 

Strausa-Durckheim  (H.)  Ueber  Esfhe- 
ria  dahdlacetuia  Riiffell,  eine  nene  Gat- 
tang  ans  der  Familie  der  Daphniden. 

In  Mas.  Senckenberg!aDam,  toI.  2, 1837,  pp. 
U9-]28,pls.7.7b. 

The  name  E$theria  was  originally  proposed 
by  Dr.  Rdffell  for  a  species  broagbt  from  Abys- 
sinia; its  description,  witb  flgores  of  typical 
species,  appeared  in  the  above  cited  work.  In 
the  same  year  Mr  Audonin  (Annales  Soc.  En- 
torn.,  ToL  6)  proiK>fed  tbat  of  Cfyzicu$  for  simi- 
lar species,  witboat  a  generic  description.  The 
simaltaneoas  pablication  of  these  two  generic 
names  for  the  same  genns  lead  Mr.  Joly  (An- 
nales ScL  Nat.,  2d  series,  vol.  17. 1842,  p.  283)  to 
propose  tbat  uf  Isaura,  ^$th*rU^  is  now  gene- 
rally nsed  by  antbors. 

Symonda  (W.  S.)  On  a  Phyllopod  Orns- 
tacean  in  the  Upper  Lndlow  rook  of 
Lndlow. 

In  Bept  25tb  Meeting  Brit.  Assoc.  Adv.  SoL, 
1855,  Trans,  of  Sec,  p.  98. 

Hymenocarit  vermieauda, 

— *  On  a  new  species  of  Euryptenu  from 
the  Old  Bed  Sandstone  of  Hereford- 
shire. 

In  Bept.  27th  Meeting  Brit  Assoc  Adv.  SoL, 
1857,  Trans,  of  Sec.  p.  03. 

On  a  new  species  of  Eurypterus  from 

the  Old  Red  Sandstone  of  Hereford- 
shire. 

Is  Edinbargb  New  Philos.  Joar.,  roL  6, 18S7, 
p257. 
Tate  (George).    Fame  Islands. 

In  Proc.  Berwickshire  Nat.  Clab,  voL  8,  Ko. 
7,  p.  232. 

€hriJlUdde»/am«n$it. 

Thomaon  (P.  WyvlUe).  On  some  spe- 
cies of  Aoidaspis  from  the  Lower  Silu- 
rian beds  of  the  south  of  Scotland. 

In  Qaart  Joar.  GeoL  Soc  London,  toL  IS, 
1867,p.206,pLe. 

Figures  and  descriptions  illustra- 

tive  of  organic  remains. 

In  Geol.  Sarvey  United  Kingdom,  decade  XI, 
Loudon,  1864,  pi.  8. 

SaUeria  primcna  Wyv.  Thomson  n.  g.  and 
sp. 


Digitized  by  VjOOQ  iC 


68 


A   BIBLIOGRAPHY   OP  PALEOZOIC  CRUSTACEA. 


[BULL.aiL 


Tietae  ( E.  )  Ueber  die  deTonlaohen 
flohiohten  von  Ebertdorf  nnwelt  Ken 
rode  in  der  Graftohaft  Glatc. 

In  Q«ofpio«tl8oli  •  palAont.  Honographie, 
8tiiUiEmH>1870.2pU. 

Rarp9$^  Proetut,  Pkacopt,  Oypridina. 

Tbdd  (J.  £.)    A  de8cri]vtion  of  some  fos- 
sil tracks  from  the  Potsdam  sandatone. 
Ib  Tmia.  Wiaoondn  Aoad.  Sot.  vol.  5^  1881. 
p.  278, 1  Hg, 

Ttfmqidat  (  S.  L. )     Om  lagerfo^den  i 
Dalames  aDder-Silaris  <  a  bildningar. 
In  Londi  Univ.  Irsakii/t,  toL  8, 1S87. 

BerSitelse   om  en   geologisk  resa 

genom  Sk&nes  och  Ostergotlands  pa- 
leozoiska  trakcer  sommaren  1875,  etc. 

In  Ofreraigt  KongL  Sy6iiak*  Yet  Akad. 
rSrhiAdL.  18:5,  Ko.  10.  p.  48. 

Parad4UfUUi^  OUnui^  Phacopt,  GW|ym«n«, 
Ampkui,  lUtmutt  TrinmeUuM^  Lieha$,  Ag%o»- 

— —  UndersSkniDgar  dfrer  8iyansomr&- 
dets  TrilobitfAana. 

In  Srenaka  CkoL  Undendkning,  Stockholm. 
seriM  C,  Ko.  00. 1884. 3  pis. 

Sarpei,  BefnopUwridet,  XHcnihru§,  Proehu, 
Cmphatpit^  Argth%itina,  l90telui,  Phaccpt,  Pha- 
oopt  (Ptmygom^toptuh  Phatopt  {Okatnwpt), 
(MynMiM,  RomaUmotM^  Licheu,  Trinueleut, 
Ampyx,  Deiphont  AtaphuM,  Megalatpit,  Kiobe, 
Acidatpit,  Oheirurut,  8phcer§xoehu4,  OyrtorM- 
toptu,  P»eudo$phmrexoehus,  Ni4*zkowikia,8pJuB- 
nxoeoryphM,  PHomera,  Snerinurru,  OyheU^ 
BrmU0tu,  IttemMt,  NUmu,  Agnottut.  TOephut. 

Tormbla  (J.)  Aparato  para  la  hisioria 
natural  espafiola.  Vol.  1.  Madrid, 
1754,  p.  83,  par.  13,  No.  96. 

Tbo  Ber.  Father  Joeeph  Torrahia  hae  the 
merit  of  referring  the  Trilobitea  to  the  olaee 
Crastaoea. 

Traquair  (R.H.)    OocarreDoe  of  Trilo- 

bites  in  the  Carboniferous  limestone  of 

Fifeshire.  (*) 

In  Proa  Boyal  Phya  Soo.  Bdinbiirgh.  toL  2, 

1868-'01,p.258. 

On  the  GrijfUhides  muoronaiut  Mc< 

Coy. 

In  Jour.  Boyal  OeoL  Soo.  Ireland.  toL  2. 1800, 
p.  218,  plate. 

Trantaohold  (H.)  Die  Tri)obiteii  als 
Erstgeborene. 

In  BalL  Soo.  Imp.  dee  If  atnralistes.  Moecoa, 
1873.  p.  207. 

Die  Kalkbriiohe  von  Mjatschkowa. 

Eine  Monographie   des  oberen  Berg- 
kalkes. 

In  lC6m.  Soo.  Imp.  dee  Katoraliateo,  Moscon, 
Tol.  18,  J874.  p.  270. 


Trantaohold  ( H. )  ^Continued. 

PkUUpHa  gMHeepi,  P.  grunnpoUUi,  F.pttmtn- 
lata. 

Trenkner  (M.  W.)    Paleontolog.  Kovi- 
tSLten  Yom  nordwestl.  Harze.    Halle, 
1367-»69,  8  pis. 
Hafp«$,  Cfyphoipii,  BrarUmu,  Sntomit. 

Triatan  (J.)  Sar  nn  erastac^  renferm^ 
dans  qaelq  nee  schistes,  notamment  dans 
oenx  des  environs  de  Nantes  (d6pt.  de 
la  Loire-Inf6rienre)  et  d' Angers  (d^pt. 
de  Maine-et-Loire). 

In  Joar.  lUnea.  vol.  28. 1808,  p.  2. 

(Oaiytneiu  trUtani  Brong.) 

Tromelin(G.)andI«ebeflOOiite(P.)  Ob- 
servations sar  les  terrains  primaires  da 

,  nord  da  d^pt.  d'Hle-et-Vilaine  et  de 
qaelqaes  antres  parties  dn  massif  bre- 
ton. 

In  Ball.  Soc.  G^L  Franoe,  8d  aeiiei,  voL  4, 
1875-70,  p.  588. 
DalnumiUt,  Oo^yiiMiM,  Homaionotui,  THnu- 

Taohemyaohe'w.  Die  Fanna  des  mittl. 
nnd  oberen  Devon  am  Westabhange 
des  Urals. 

In  H6m.  dn  Comit6  G«ol.,  vol.  8.  No.  8, 1887, 
p.  14. 
Deeh^nMa, 

Tullberg  (S.  A.)  Om  .i^aooiiM-artema  i 
de  Kambriska  aflagringame  Tid  Andra- 
ram. 

In  STonaka  GeoL  UndereSk.,  aeciee  O.  No.  42, 
1882,  2  pla. 

Uliloh  (E.  O.)    Description  of  some  spe- 
cies of  fossils  fhim  the  Cincinnati  gronp. 
In  Joar.  Cinoinnati  Soo.  Nat.  Hist,  tdL  1, 
.  1878-79,  p.  02. 

Description  of  a  Trilobite  fh)m  the 

Niagara  groap  of  Indiana. 

In  Jour.  Cincinnati  Soo.  Nat.  Hist.,  toL  % 
1870,  p.  131, 3  figs. 

(kiiymtiunatuJta, 

Descriptions  of  new  genera  and  spe- 
cies from  the  Lower  Silarian  aboat  Cin- 
cinnati. 

In  Joar.  Cinoinnati  Soo.  Nat.  Hist.,  toL  t. 
1870,  p.  8.  pi.  0. 

B^ffiolda^  LeperdUia. 

Vemeuil  (fidonard).  Snr  les  fossiles  d^« 
voniens  des  environs  de  Sabers  dans  lea 
montagnes  de  L6on. 

In  BolL  Soc  G^l.  France,  2d  aerlea.  toL  7, 
1850,  p.  156,  pi.  8. 

OryphoBU*  eaUUeUi^  Phaeop9  UUifrons,  ffiifm^ 
lonotus  prad%antt4. 
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Verneuil  (fidoaarcD^CoDtiniied. 

G^logio  de  la  Russie  d'Earope  et 

des  montagnea  de  TOaral,  par  R.  I. 
Murohison,  £doaard  de  Yemeuil  et  le 
oomte  Alex,  de  Keyserliug.  Vol.  2.  3 
part.  PaltBontologie.  Londres  et  Paris, 
1845,  50  pis. 

Oaiymene  odini^  O.  JUeheri^  Ataphtu  expon- 
$ui,  PhiiUpna  eichwdldit  P.  ouraliea  n.  a. 

and  Barrande  (Joachim).  Descrip- 
tion dee  fossiles  trouv^  dans  les  ter- 
rains silarien  et  d^vonien  d'Almaden 
d'ane  partie  de  la  Sierra  Morena  et  des 
montagnes  de  Tobide. 

In  BnlL  Soo.  Gfol.  Fnuioe,  2d  series,  voL  12, 
1851-'55,  p.  904,  pis.  23, 24. 

BUiptoeephahu  pradoantu,  Calymene  puZ- 
ehrot  €.  trittani,  C.  ariMgo^  O.  trannenut,  Homo- 
lonotui  rants,  IS.  brongmiarti,  Flaeoparia  tour- 
neminei,  DdlmanUes  tociaiis^  D.  dt^rdmt,  D. 
vetiliarti^  D.  torruJbite^  D.  pkiUipH,  D.  dwmin- 
ffia^  LiehoM  hi$patiicaj  TiinueUut  goldfusn, 
Oheirunn  marianu*,  Ataphus  nobUis,  JL.  etantur, 
A.  glabnUug,  A.  contmehu,  IlUenut  hispanUtu, 
L  tancheziy  Ogygia, 

Sot  Fexistence  de  la  faane  pri- 

mordiale  dans  la  chaine  Cantabrigue, 
par  M.  C.  de  Prado,  saivie  de  la  de- 
scription dee  fossiles  par  MM.  de 
Vemeuil  et  Barrande. 

InBalL  Soc.  G6oL  Fnmoe,  2d  series,  voL  13, 
lM0,p.5.6,pla.6>8. 
FwradiKeide;  ConoeephaHU;  Arx<meliu9,  Ag- 

and d'Arohiac.   {Vicomte.)  Pal^n- 

tologie  snr  la  fauno  d6vonienne  des 
rives  da  Bospbore.  Liste  des  fossiles 
recneillis  par  Abdullah- Bey. 

In  Comptes  Rendos  Aoad.  ScL,  Paris,  1867,  p. 
1217. 

Note   sur  les  fossiles  recneillis  en 

1863  par  M.  de  Tchihatchef  anx  envi- 
rons de  Constantinople. 

In  BoIL  Soc  G^oL  France,  ToL  21,  1864,  p.  147. 

jETotnaitmotus,  Cheirurut. 

Veiworm  (  M. )  Zur  Entwicklnngsge- 
•ohichte  der  Beyrichien. 

In  Zeitsohr.  Deutsoh.  geoL  GeselL  Berlin, 
^▼•1.  38, 1887,  p.  27. 

"^ne  (G.  R.)  Notes  on  the  distribution 
of  the  Entomostraca  in  the  Wenlock 
shales. 

In  Proa  Yorkshire  Geol.  Polyteohnic  Soc, 
T4ri.  91,  pt  3, 1887>'88,  p.  898. 

Vitiy  {Ahh4  de).  M^moire  snr  les  fossiles 
dn  Tonmais^  et  les  petrifications  eu 
g^6ral,  relativetnent  k  lenr  utility 
pour  la  vie  civile. 


Vitry  (46Wde)— Continued. 

In  M6m.  Acad.  Boyale  Soi.,  BrazeUes,  toL  81, 
1780.  p.  15,  pL  1,  fig.  1  (PhtUiptia} ;  pL  8,  flgs.  »-lL 

Vogdea  (A.  W.)  Notes  on  the  genera 
AoidaspiSf  Odoniopleura,  and  CeraUh 
oephala,  etc. 

In  Proc  Aoad.  Nat.  ScL,  1877.  p.  188. 
Short  notes  on  the  geology  of  Ca- 
toosa County^  Georgia. 

In  Am.  Joor.  Soi.,  3d  series,  voL  23,  1879,  p. 
475. 

Cfaiymene  rattrata  n.  s. 

Description  of  a  new  Crustacean 

firom  the  Upper  Silurian  of  Georgia, 
with  remarks  on  Calymene  clinionu 

In  Proc  Acad.  Nat.  Sci.  Phila.,  1880,  p.  176, 4 
figs. 

Oaiymene  rottrata,  O.  elinUmi, 

Fig.  8,  CkUymene  elintont,  has  been  referred 
by  A.  F.  Foerste  <Baa  Den.  Univ.,  toL  2, 1887, 
p.  95,  pi.  8,  figs.  12. 16)  to  Oaiymene  vogdesi, 

A  new  Trilobite. 

In  12th  Ann.  Bept.  GeoL  Nat  flist.  Snrvey 
Mhinesota,1884,p.8. 
Bathyurut  sUmemani  n.  s. 

Description  of  a  new  Crustacean 

firom  the  Clinton  group  of  Georgia,  with 
remarks  upon  others.  New  York  City, 
1886,  5  pp.,  4  figs. 

Encrinufut  amerieanut  n.  s.,  0(Uifintn$  rot- 
trat4i,  and  O.  cUntonL 

The  genera  and  species  of  North 

American  Carboniferous  Trilobites. 

In  Annals  New  York  Acad.  SoL,  vol.  4, 1887, 
p.  68, 2  pis. 

Proetus,  PhiUiptick^  Qriffithides,  BraehgmeUh 
pus. 

-  Description  of  two  new  species  of 
Carboniferous  Trilobites. 

In  Trans.  New  York  Aoad.  8oL,  voL  7, 1888, 
p.247,lwood-ont 
PhiUipsia,  CMffithidesf 

Volborth  (A.)  Ueber  einige  russisohe 
Trilobiten. 

In  YerhandL  mas.  k.  mineral.  Gesell.  sn  St, 
Petersborg,  1847,  p.  1,  pi.  1. 

The  author  redeaoribed  the  genus  Zsthus 
Pander  and  its  type  ZsUivu  vsrrueosus,  pUoing 
Oybds  beUaUihLS  Bichw.  under  the  same  genus. 

Ueber  das  Prioritatsrecht  der  Trilo- 

biten-Gattung  Zethm  Pander  gegen  die 
Gattung  Cryptonymus  Eichwald. 

In  BnU.  Phi  sioo-Math.  Acad.  SoL,  StPAters- 
boarg,  1854,  p.  251. 

Ueber  die  Bewegungs-Organe  der 

Trilobiten.    Folgendes  mit. 

In  Verhandl.  rass.k.  mineraL  Qowil1ieh.«n 
St.  Petersburg,  l857-'58,  p.  168. 
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Volborth  (A.)— CoDtiDued. 

Ueber  die  Crotalurm  nnd  Bemopleu' 

riden,  eln  Beitrag  zar  KenntniBS  der 

rtiasiBcheEi  Trilobiten. 

In  YerluuidL  roas.  k.  mineraL  OeMll.  cu  St. 
Petersburg,  1857-'M,  p.  126,  pi.  18. 
Orotahurut  n,  g^  BemopleuridM. 

Ueber  die  mit  glatten  Bampfglie- 

dem  Tenebenen  nissiscben  Trilobiten, 
nebet  einem  Anbange  Utier  Bewegangs- 
orgaoe  and  fiber  daa  Hens  derselben. 

In  M6in.  Aoad.  Imp.  Soi.  8t-P6tenboarg, 
▼oL  «,  No.  2, 1863, 48  pp..  4  pU. 

lUmnut,  Dyiptanu*^  Pand§ria  n.  g.,  NUmu, 
Bmnastut, 

—  Ueber  einige  neae  ebstliindiacbe 
Ulffinen. 

In  M6m.  Aoftd.  Imp.  BoL  St.'P6tersbonrg, 
▼oL8kNo.0,l864,2pU. 

Ueber  Herni«von  Eiobwald's  Beitrag 

znr  nabereD  Keuntnias  der  Illsenen,  etc. 

In  BalL  Soa  Imp.  dee  NataraUstee,  lioaoon, 
1888,  No.  1,  p.  77. 

Wahlenberg  (Geo.)  Petrificata  teliaris 
Saeoana.    Upealia,  1818. 

This  work  was  pablishod  and  distribated  in 
1818  as  a  separate  article,  in  adyanoe  of  the 
Kova  AoU  Reg.  Soo.  SoL,  vol.  8, 1821. 

—  Petrlfioata  telluris  Suecana  exami- 
nata  a  (}eorgio  Wableuberg. 

In  Nova  Acta  Reg.  Soc.  Soi.,  Upsal..  yoL8, 
1821,  pp.  1-118,  pis.  1-4. 

EfUomostraeitet  expanntg  Linn.,  E.  crcuticau- 
dan.  s.,  E.  laUeauda  n.  s.,  E.  eaudatut  Briin.,  E. 
granuUUut  n.  s.,  E-  tubereulatut  Briin.,  E.pune- 
tatut  Br&n.,  E.  laeiniatui  n.  s.,  .&.  paradoxisti- 
mua  Linn.  (ParadoxideM  teaini),  E.  bucephaltu 
(hypostoma  of  P.  tettini),  E.  tpinuioMa  n.  s.,  f . 
gibbonu  n.  s.,  E.  9earabi»ridet  n.  s.,  E,  piti- 
formit  lAmL 

—  Addltamenta  qusedam  ad  petrificata 
telluris  Snecana. 

In  KoTa  Acta  Beg.  Soo.  SoL,  Upsal.,  vol.  8, 
1821,  pp.  293-296,  pL  7. 

EtUomottracUst  enuHcaudu,  E.  expantus,  E. 
tubtretUalut,  E,  caudafus,  E,  laHeauda, 

Entomoitraeites  eroiiicauda,  pL  7,  fig.  S^  has 
been  referred  by  G.  Holm.  (De  Svenska  Ar- 
terna  Trilobitsliigetet  lUcmut,  1882,  p.  55)  to 
JlkMUM  etmarkii  Sohlotheim. 

97aloh  (J.  £.  T.)  Dea  Trilobites  dans 
le  r^gne  des  petrifications,  on  de  la 
conque  rid6e  ik  trois  lobes  (concba 
triloba  rugosa).  Reoueil  des  mouu- 
meus  des  catastropbes  qne  le  globe  de 
la  terre  a  essni^s,  con  tenant  des  petri- 
fications. (Knorr,  G.W.)  Vol.3.  Nu- 
remberg, 1775y  p.  105. 


Walob  (J.  R.  T.)— Continued. 

See  also  voL  2.  1768,  section  1,  p.  81;  toLS, 
1775,  pp.  181.  18Sb  1S6, 193 ;  suppl.  pis.  8,  9  a,  9  b, 
9  o,  9  e,  V  f.    German  and  French  editionA. 

This  aatbor  gives  the  name  of  Trilobite  to 
the  family,  a  designation  which  has  been  naed 
by  all  sabsequeot  aathors,  with  the  exceptions 
of  J.  W.  Dalman  and  C.  S.  Raflnesqne. 

Waloott  (C.  D.)  Description  of  a  new 
species  of  Trilobite  [ftrom  Trenton  Falls, 
New  York.] 

In  Oinoinnati  Quart  Jonr.  Set,  toL  %  1875,  p. 
^8, 2  figs. 

Splutroeoryphe  rohtutut, 

New  species  of  Trilobite  from  the 

Trenton  limestone  at  Trenton  Falls, 
N.  Y.. 

In  Cincinnati  Quart  Jour.  Sci.,  roL  2, 1875,  p. 
847,  wood-cuts. 
BemopUuride*  itriatultu. 

Notes  on  Ceraitrtu  pleurexantkemMt 

Green. 

In  Anni^  Lyceum  Nat  Hist,  New  Tork, 
ToLll,187a,p.l55,pLlL 

Preliminary  notice  of  the  discovery 

of  the  remains  of  the  natatory  and 
branchial  appendages  of  Tiilobites. 

In  28(h  Kept  New  York  SUte  Mna.  Kat 
Hist.,  1875,  p.  89. 

Description  of  new  species  of  fbasila 

from  the  Trenton  limestone. 

In  28th   Kept  New  York  Stote  Mus.  Nat 
Hist,  1875.  p.  93. 
Bathyurui,  Ataphut. 

Notes  on  some  sections  of  Trilobitea 

from  the  Trenton  limestone. 

In  81st  Bept  New  York  State  Mna.  Nat. 
Hist,  1879,  p.  61.  Advanced  sheets  pobliafaed 
Septemher  20, 1877, 1  pL 

Notes  upon  the  legs  of  Trilobitea. 

In  3l8t  Bept  New  York  SUto  Moa.  Nat 
Hist,  1879,  p.  64 

Notes  upon  the  eggs  of  the  Trilobites. 

In  31st  Bept  New  York  State  Mus.  Natw 
Hist,  1879,  p.  66.  Advanced  sheets  published 
September  20,  1877. 

Descriptions  of  new  species  of  Iba- 

sils  from  the  Chazy  and  Trenton  lime- 
stones. 

In  Slst  Bept  New  York  State  Mus.  Nal;. 
Hist,  1879,  p.  69.  Advanced  sheets  published 
September  20,  1877. 

AHoneUut,  Dalnuinites,  Ataphus,  Aeidaspis, 
Oeraurxu,  Enerinurtu,  lUamus. 

The  Utica  slate  and  related  fonnur 

tions  of  the  same  geological  horizon. 

In  Trans.  Albany  Inst,  voL  10,  1879,  p.  2, 
pU.  1, 2. 
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Waloott  (C.  D.)— Cpntinned. 
Ketamorphoftes  of  Triarthrut  beekL 
Trtarthrut  beeki  and  Beyrichia  Cincinnati' 

Deeoription  of  new  species  of  fossils 

from  the  Carboniferoas  fonnation. 

In  89dBept.  Kdw  York  Stete  Cab.  Nat.  Hist., 
1879;p.l28L  Pamphlet  pnbUsbed  in  advance  of 
the  report 

OanoctphaUUi,  Ptyehatpit,  Bathyurut, 

The  Trilobite,  new  and  old  evidence 

relating  to  its  organization. 

In  Kna.  Comp.  ZooL  Harvard  Coll.,  voL  8, 
1881,  p.  191, 6  pla. 

Deaoription  of  a  new  genns  of  the 

order  Emrjgpteru$  from  the  Utioa  slate. 
In  Am.  Jonr.  SoL.  3d  86rieB,yoL  23,  1882,  p. 
X18,ilcare0. 

BekUiognathut  iL  g, 

Description  of  new  species  of  fossils 

frmn  the  Trenton  gronp,  New  York. 

In  86th  Bept  New  York  Slate  Cab.  Nat 
Hiat.,1883,p.200.1pL 

Beyriahia,  LeperdUia  (Taoehilina). 
Anthor'a  ediU<m,  October  16, 18^,  8  pp.,  1  pL 

iDJory  Bostained  by  the  eye  of  a 

Trilobite  at  the  time  of  moulting  of  the 
shell. 

In  Annala  Nat.  Hlat ,  5th  aeries,  toL  13,  Lon- 
dan,  1884.  p.  60. 

On  the  locomotory  appendages  of 

Trilobitea. 

In  Science,  vol.  3, 1881,  p.  279, 3  figs. 
AMaphus  fiMyi«to«,  CkUywtene  iwaria, 

Palaeontology  of  the  Eureka  district. 

In  Mon.  IT.  S.  OeoL  Surrey,  vol.  8, 1884, 24  pis. 

Die^Oaeephahu,  OieneUut,  Ftychoparia,  P. 
(ArfetMplnftra),  P.  (PUroeephalu$),  Anomocare, 
BtUhyurui,  Oharioeephaku,  Ptychatpii,  Agrau- 
la*.  Proetut,  Oypfuupit,  Ar^thutina,  PhOUptia, 
Grifitkidst,  Phaeopi,  DalmaniUt,  TrinueUut, 
Ataphtu^  Symphyturui,  Ogygiaf,  Barrandiat, 
JUetnurut,  Csrauruf,  Amphiony  lUamus,  Agnos- 
fiiC,  Lep€rditiay  Beyriefda,  PrimiUa,  PlumvliUi, 

—  On  the  Cambrian  faunas  of  North 
America.    Preliminary  studies. 

IB  BqH.  U.  S.  GeoL  Survey,  No.  10,  1884. 
IdpU. 

FuradoaridiUt  Oonocoryph^  Earttia  n.  g.,  Pty- 
ekopariOy  Agnottut,  Mierodiicuit  Agraulos,  Pro- 
tocarii  n.g. 
PalsBozoio  notes :  New  genus  of  Cam- 
brian Trilobites,  Mesonads, 

In  Am.  Jonr.  ScL,  8d  series,  voL  29, 1885,  p. 
aS8,i&gni«a. 

Deaoribes  a  i^w  genus,  Metonaeit,  and  snb- 
stttates  the  generic  name  BaiiieUa  of  Matthew 
tar  tbs  subgenus  Satt^ria,  proposed  by  him 
(BnlLn.  &  QeoL  Survey,  No.  10,  U84). 


Waloott  (C.  D.)— Continued. 
-^ —  Second  contribution  to  the  studies 
on  the  Cambrian  fauna  of  North  Amer- 
ica. 

In  Bun.  U.  S.  QeoL  Survey,  No.  30, 1886. 
Figures  and  descriptions  of  species  of  the  fol> 
lowing  genera  are  given,  vi*:  Paradoxides^  Bo- 
thynotug,  Mesonacit,  OUneUut,  Olenoides,  Orye- 
tocephaluM  n.  g,  Ptyehoparia,  Solmopleura, 
Anomocare,  Orepieephalui,  Dorypygc,  Aiaphit- 
ouf,  Bathyuritcui,  Agnoitutt  MicrodUevt,  Proty- 
put  n.  g.,  ProtocariMy  LepcrdiHa, 
Fauna  of  the  upper  Taoonio  of  Em- 
mons, in  Washington  County,  New 
York,  with  one  plate. 

Id  Am.  Jour.  Set,  8d  series,  voL  84,  1887,  ji. 
187. 

SoUnopUwraf,   Ptyehopariaf,   MieroditouM, 
OUnovdcM,  OonocoryphCy  Aristozoc,  Leperditia, 

Cambrian  fossils  from  Mount  St-e- 

phens,  North  West  Territory  of  Canada. 
Am.  Jour.  ScL,  3d  series,  vol.  36, 1888,  p.  181. 
PfyeAoparta,  Agnottut,  Bathyuriteut,  OUnoi- 
det,  ZacanthoidcM  n.  g. 

Stratigrapbic  position  of  the  Olenel- 

Ins  fauna  in  North  America  and  Eu- 
rope. 

Am.  Jour.  ScL,  3d  series,  voL  37,  1889,  p.  874. 
LepcrdUia,  Arittozoa,  Protoearit,  Agnottua^ 
Microdiceut,  OUneUua,  Paradoxidcc,  OUnoidcM, 
Zacanihoidet,  Bathynotut,  AvaUmia  n.  g..  Oono- 
coryphe,  Ptyehoparia,  Agrauloa,  Orepicephalu$^ 
Oryetocephaluc,  Anomocare,  Protyput,  SoUno- 
pleura. 
Waldachmidt  (E.)  Ueber  die  devoni- 
sohen  Schichten  der  Gegend  von  Wild- 

nngen. 

In  Zeitschr.  Deutsoh.  geol.  GeselL,  vol.  87, 
1885,  p.  006,  pis.  37-40. 
Phaeope,  Bronteue,  Oypridina. 

Warder  (John  A.)    New  Trilobites. 

In  Ami  Jour.  Soi.,  1st  series,  voL  34,  1838,  p. 
377. 

Ceratoeephala  n.  g. 

This  article  on  the  new  genus  Oeratocephatm 
was  read  before  the  Western  Academy  of  Sci- 
ence, May  25, 1838. 
'Washbom  (W.  T.)    The  geology  of  the 
Bosphorus. 

In  Am.  Jour.  ScL,  8d  series,  voL  6, 1878,  p.  186. 
Not  descriptive ;  contains  important  notes  on 
fossil  Crustacea. 
"Weltenweber  (W.  R.)    Systematisches 
Verzeichniss  der  bohmischen  Trilobiten 
in  der  Sammlung  des  Dr.  Zeidler. 
In  Lotos,  voL  7, 1847,  pp.  5-42. 
"Wetherby  (A.  G. )    Description  of  a  naw 
family  and  genus  of  Lower  Silurian 
Crustacea. 
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"Wetherby  (A.  G.)— Continued. 

In  Jour.  CinciniiAti  Soo.  Hat.  Hist.,  vol.  1, 
1878-79,  p.  162,  figure,  toL  2,  pL  7,  figs.  1, 1  a-g. 
SnopUmra  balanoidet. 

Description  of  new  fossils  from  the 

Lower  Silurian  and  Suboarboniferons 
rocks  of  Ohio  and  Kentacky. 

In  Jonr.  Cincinnati  Soo.  Nat  Hist.,  voL  4, 
1881,  p.  77. 
Froetut,  ItoekQina, 
White  (C.  A.)  and  8t  John  (O.H.)  Pre- 
liminary notice  of  new    genera   and 
species  of  fossils.    Iowa  City,  May  8, 
1867, 3  pp. 
B^yriehia  IWmfaetmr,  B.  VUht^aeloryvt.  vtlata. 

Of  this  small  pamphlet  only  fifty  copies  were 
published  by  the  Iowa  State  Geological  Sur- 
vey. Republished  in  Trans.  Chicago  Acad. 
ScL.voL  1,1867. 

Description  of  new  snbcarbon- 

iferons  and  Coal-Meaeare  fossils  col- 
lected npon  the  geological  survey  of 
Iowa,  together  with  a  notice  of  new 
generic  characters  observed  in  two 
species  of  Brachiopods. 

In  Trans.  Chicago  Acad.  Soi.,  vol.  1,  pt  1, 
1807,  p.  115,  2  figs. 

Beyrichia  pHrifaetor^  B,  petrifactor  var. 
vetoto,  B./agtoidea^  Oythtre  simplex. 

In  this  article  the  authors  give  the  new 
names  of  Beyriehia  petrifactor  to  the  species 
described  in  the  preliminary  notice  as  B.  Utho- 
ftietor,  and  also  change  the  name  of  B.  lUko- 
Jdeicr  var.  vekUa  to  that  of  BeyrieMa  petrifactor 
var.  velata. 
Preliminary  report  upon  inverte- 
brate fossils  collected  by  the  expedi- 
tions of  1871,  1873,  and  1873,  with  de- 
•criptions  of  new  species. 

In  Geog.  and  GeoL  ExpL  Surveys  West  100th 
Keridian,  Washington,  1874. 

OUneOutt  DieeUoeephalue,  Megalcupie,  Ag- 
noffda,  Leperditia. 

Report  upon  the  invertebrate  fossils 

collected  in  portions  of  Nevada,  Utah, 
Colorado,  New  Mexico,  and  Arizona,  by 
parties  of  the  expeditions  of  1871, 1872, 
1873,  and  1874. 

In  (Geographical  Surveys  West  100th  Meri- 
dian, PaI»ontology,  vol.  4, 1877,  pt  1,  pp.  1-219, 
pis.  1-21. 

(NsTMOtM,  DiceUocephalue,  Aeaphiteus,  Ckmo- 
coryphe  (Ptyohoparia),  Jliegalaepis,  Agnoetue, 
Leperditia. 

Palseontology :  Fossils  of  the  Indiana 

rocks. 

In  2d  Ann.  RepL  Dept.  Statistics  and  Ge- 
ology, Indiana,  1880.  pp.  471-^22,  pis.  1-11. 


White  (C.  A.)  and  St  Jbhn  (O.  H.)— 

Continued. 

Oalymene  eenaria,  Cyphatpie  ekritiyi,  PhO- 
Upeialmfo. 

The  fossils  of  the  Indiana  rocks. 

No.  3. 

In  13th  Ann.  Rept  Dept.  QeoL  and  Nat.  Hist. 
Indiana,  1883,  pt.  2,  pp.  107-180,  pis.  23-M. 

PkUUpna  iOHJUhideMf)  settoio,  P.  (0  f)  Mn- 
gamoneneit,  Euryptenu  (Anthraeonetee)  maxo- 
nentie,  AnthrapaUemon  gracUie,  AeanthoteUon 
etimpeoni,  A.  event,  Pakeoearie  typue,  JHtkyro- 
carie  carbonariut,  Leaia  trieari$Mta,  Buproopt 
dance,  S.  eoUettL 

"WliiteaTea  (J.  P.)     Palaeozoic  fossils. 
Vol.  3,  pt.  1,  1884. 

In  Qeol.  and  Nat  Hist.  Survey  Canada^  1884, 
8  pis. 

Burypterue  boyUL 

Contributions  to  Canadian  palceon- 

tology.    Vol.  1. 

In  Geol.  and  Nat  Hist  Survey  Canada,  188A. 

In  the  author's  list  of  fossils  from  the  Hamil. 
ton  formation  of  Ontario  the  following  CroB- 
tacea  are  induded:  Phaeope  bv/o,  Ddimm$eit€m 
kelena,  D.  l^thU,  and  Cfytheref  (BeyriOiia) 
pimctu^fera, 

.    See  Matthew  (G.  F.)    niuatra- 

tions  of  the  fauna  of  the  St.  John 
group.    No.  3. 

In  Trans.  Boyal  Soc  Canada,  vol.  8,  1865^ 
p.  76. 

Solenoptmtra  aeadia  Whiteaves. 
Whitfield  (R.  P.)    Description  of  new 
species  of  fossils. 

In  Bept  Beoonnoisssnoe  from  Carrol,  Mon- 
tana Territory,  on  the  Upper  Missouri,  to  th« 
Yellowstone  National  Park  and  return,  Lud- 
low's report  Washington,  1876. 

OrepieephaJUu  (LoganeUue)  mimtanenmrn, 
ArioneUue  iripunetatua. 

See,  also,  Rept  Chief  Bug.  U.  S.  A.,  }876w 
Appendix  NN. 

Preliminary    descriptions   of  new 

species  of  fossils  from  the  lower  geo- 
logical formation  of  Wisconsin. 

In  Ann.  Rept  Geol.  Survey  Wisconsin,  1877, 
pp.  50-89. 

DieeUoeephalus,  ConocepkaUtet,  Ptyehaepim, 
Orepieephalue,  AgratUue  (BcUhyurusf),  Ariontl' 
hu,  EUipeoeephalue,  lUamurus,  BrotUeut, 

Preliminary  report  on  the  paUeon^ 

tology  of  the  Black  Hills,  containing 
descriptions  of  new  species  of  fMsils 
from  the  Potsdam,  Jurassic,  and  Creta- 
ceous formations  of  the  Black  Hills  of 
Dakota. 

In  XT.  3.  Qeol.  Survey  Booky  Mountain  Be- 
gion,  Washington,  1877. 

Orepieephalua  (LogtMeUue)  eentraUe,  O,  (Xo. 
ganeUus)  planus. 
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VThitfield  (B.  P.)— Continued. 

Deaoription  of  new  species  of  fossils 

from  the  Pabeozoic  foimations  of  Wis- 
consin.    . 

In  Aim.  Sept.  G«oL  Surrey  Wieeonefn,  1879, 
pp.  44-71. 

IXedlooephahit,  Orepieephahuf,  Pty^atp^ 
Agkufit,  OonoeephaUtetP,  Oonoe^halUei  (Piy- 
ehatpii  f)«  Atapkui,  lUctnut, 

New   forms  of   fossil  Crustaceans 

from  the  Upper  Devonian  rooks  of 
OhiOy  with  descriptions  of  new  genera 
and  species. 

In  Am.  Jour.  SeL,  8d  Beries,  vol.  19, 1880,  p.  83. 

XehitMctuit  n.  g.,  PaktopaUeman  n.  g. 

A  ]»late  end  expleoAtion  aocompany  the 
anthor'e  edition. 

Palaeontology  of  the  Black  Hills  of 

Dakota. 

In  17.  8.  C^g.  and  Geol.  Surrey  Booky 
Konntein  Regton.  Bept.  CKeol.  and  Beaoaroee 
of  the  Black  Hills  of  Dakota,  with  atiaa;  by 
Henry  Newton  and  Walter  Jenney,  Washing* 
ton,  1880,  p.  826,  pL  2. 

OrqMMpAoliMpiantM,  O.  cerUralU. 

Pabeontology. 

In  GeoL  Wiaoonsin,  voL  4,  1882,  pt  8,  pp.  188- 
8t8,  pis.  1-27. 

DiMloctphaiut,  OmoeephdHtet,  O.  (PtyehoM- 
pU  fh  BOipso^ephalut,  0r«p%c4pkalut,  Ptychat^ 
pU^AriontUuB^  A.  (Agraulos),  Agrattloi  {Batky- 
wrutf),  AgUupiit  IlUBnumt^  Ataphut,  lUcmut^ 
SphmrtecothMM,  Fkacops,  BronUut,  LeperdiHa. 

Description  of  new  species  of  fossils 

from  Ohio^  with  remarks  on  some  of  the 
geological  formations  in  which  they 
ocGor. 

In  Annals  New  York  Acad.  Sol.,  toL  2,  Koe. 
7, 8^  1882,  p.  198. 

J9MnCP<»nM,  X<gi«r(U<i<i,  PlufmilifM. 
— '  Onihefunnaof  thcLowerCarbonif- 
erons  limestones  of  Spergen  Hill,  Indi- 
ana, with  a  rcTision  of  the  descriptions 
of  its  fossils  heretofore  published,  and 
tUnstrations  of  the  species  from  the 
original  type  series. 

In  Boa  Am.  Mas.  Nat.  Hist  New  York,  vol. 
l.No.8,1882,pL9. 

LeperdiUia  wrbonaria  Hall,  Oytherdlinaglan- 
dettan.  8. 

Plates  repabllahed  in  12th  Bept.  GeoL  Nat 
Hist  Indiana,  1882. 

List  of  Wisconsin  fossils. 

In  GeoL  Wi»oonsin,  voL  1,  1888,  p.  302;  also 
SUastrations  of  typical  foeails  of  the  Wiaconsin 


Notice  of  some  new  species  of  Pri- 
mordial fiMsils  in  the  collection  of  the 


Whitfield  (B.  P.)— Continued. 
Museum,  and  corrections  of  previously 
described  species. 

In  BulL  Am.  Mna.  Nat  Hist,  New  York,  toL 
1,  No.  5, 1884.  p.  189,  pis.  14. 15. 

DUuUocephalut,  OleneUvs,  Arionelhu,  Oono- 
^ephaliUSt  Angelina, 

Notice  of  a  very  large  species  of 

HovMlonotus  from  the  Oriskany  sand- 
stone formation. 

In  Ball  Am.  Mas.  Nat  Hist,  New  York,  toL 
l,No.6,1885.p.l98.pL22L 
Homalonotut  ma^r  Whitfield. 

Notice  of  geological  investigations 

along  the  eastern  shore  of  Lake  Cham- 
plain,  conducted  by  Prof.  H.  M.  Seely 
and  Prest.  Ezra  Brainerd,  of  Middle- 
bury  College,  with  descriptions  of  the 
new  fossils  discovered. 
In  BnlL  Am.  Mas.  Nat  Hist,  New  York,  vol. 

1,  No.  8, 1886.  p,  293. 

Boo  t  lamotUntit  n.  s.,  Lieluu  champUUnentit 
n.  s.,  Atdphut  eanalit  Conrad. 

Observations  on  some  imperfectly 

known  fossils  from  the  calciferous 
sandrock  of  Lake  Champlain,  and  de- 
scriptions of  several  new  forms. 

In  Ball.  Am.  Mas.  Nat  Hist.  New  York,  toL 

2,  Na  2, 1889,  p.  41, 18  pis. 

Primitia  grtgaria,  P,f  eriiUita,  P.  tetHyi, 
Bathywntt  eonieut,  B.  ttdyi. 

Additional  notes  on  AsaphuB  oanalU 

Conrad. 

In  BalL  Am.  Mas.  Nat.  Hist,  New  York,  voL 
2,  No.  2, 1889,  p.  64,  pis.  11, 12. 

Description  of  a  new  form  of  fossil, 

Balanoid  Cirripede,  from  the  Marcellus 
shale  of  New  York. 

lo  Boll.  Am.  Mas.  Nat  Hist,  New  York,  yd. 
2,  Na  2. 1689,  p.  66. 

Pn>tobalan%u  n.  g.,  P.  hamiiUmenti*^  pL  18, 
fiff.22. 

See  Hall  (James)  and  'Whitfield 

(E.P.). 

"Wigand  (Qeorg  von).  Ueber  die  Trilo- 
biten  der  silurischen  Gesohiebe  in 
Mecklenburg. 

In  Zeitschr.  Deatsoh.  geol.  Oes.,  toL40,  1888, 
p.  89,  pis.  6-10. 

Phaeopi,  Lieha$,  X.  {Hoploliehat),  JZtomtf, 

Oheirurut,  O.  (Oyrtometoput)^  O.  {Pieudoiphm- 

r«xoehut)t    O.  (Nieszluneikia),    8ph€8rtxoeht$, 

Amphion,  OybeU,  Bnervnwrut^  Aoidatp%$. 

Wiik  (F.  G.)    Om  fossiliema  i  llands 

silur-kalksten     jemforda    med     de   i 

Sverige  och  Estlaud  forekommande.  (*) 

In  Bidrag  till  KMnnedom  af  Finlands  Natar 

1  och  Folk,  pt  85,  Helsingfors,  188L 
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Wflokgn>  (C.  F. )  SendsohreibeD,  worin 
WAhneheinlieh  lUigethan  wild,  daaa  die 
Conohilioligisten  eben  keine  Ursaebe 
mebr  bftben,  das  Petrefaot,  welobes 
biaber  nnter  der  Benennang  einet  Von- 
ckUa  irilobi  mgmi  bekannt  geworden 
iat,  ala  einen  Tbeil  ibrer  WiBsenacbaft 
MUBoaeben.  (*) 

In  SiraknndiMbM  Hi«.,  ToL  1, 1788,  p.  987. 

-! —  Naebriebt  yon  aeltonen  Venteine- 
mngeD,  yomemliob  dea  Tbiar-Beicbes, 
welobe  biaber  Doob  niobt  genaa  genag 
baaobieben  iind  erkliirt  worden.  Mit 
Knptea,  in  drei  Sandacbraiben  an  aeine 
Gdnnar  nnd  Freunde.  Berlin  and 
Btralaand,  1769,  pi.  8.  (*) 

WflHama  (H.  8.)  On  tbe  oconrrenoe  of 
Pro0tu$  longioauda  Hall  in  Madison 
County,  Kansas. 

In  Aju.  Jour.  Sd.,  9d  Mries,  toL  21,  1881,  p. 
IM. 

-^»  KoUoe  of  a  new  Limoloid  Cmataoean 
from  tbe  Devonian. 

In  Am.  Jour.  SoL.  »d  aeiiM,  ToL  80, 1886,  p.  45. 
Sflgt. 

Prmtwiekia  erUntis  n.  a 

Thin  ftpooies  was  used  by  A.  S.  Packnrd 
(Hem.  Kftt.  Aoad.  SoL,  ToL  8, 1888,  p.  150)  for  the 
type  of  hie  new  genua,  Proto9im/ulu9, 

— »  Notice  of  a  new  Limnloid  Cmstaoean 
from  tbe  Devonian  formation  of  Erie 
Connty,  Pennsylvania. 
In  Katore,  toL  32,  London,  1885,  p.  850. 

WinoheU  (Alexander).  Descriptions  of 
fossils  from  tbe  Marsball  and  Hnron 
groups  of  Micbigan. 

In  Proo.  Aoad.  Kat  Sd.  Phila..  toL  14, 1882,  p. 
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Description    of   fossils  from    tbe 
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DieeUoeipkaUii,  Ptychatpii, 
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from  tbe  Marahall  group  of  Micbigan 
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(Salter)  from  tbe  Upper  Ludlow  rooks 
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On  tbe  Enrypteridw  and  Xiphosuru, 

'     In  Kept  84th  Heetinff  Brit  Assoo.  Adv.  SeL, 
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of  Scotland. 
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482,pLlt. 

StyUmurut  powriei  Page,  8,  $eotieu$  n.  s. 
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Pterygolus,  SUmonia,  Stylonurut,  EuryptertUt 
Hemiaipii,  BeikiuruM^  NeolimuhiS,  PretttoMtia, 
Limuha,  Oyelui, 

Third  report  on  the  structure  and 

classification  of  the  fossil  Crustacea. 
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i8t»  n.  s.,  ToL  8, 1871,  p.  18. 
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On  a  new  species  of  Eurgpterus  (E. 
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1871,  p.  261,  figures. 
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Hist.  London,  4th  series,  vol.  9,  London,  1872, 
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Sixth  report  on  the  stmctnre  and 
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In  Kept.  42d  Meeting  Brit  Assoc.  Adr.  8oL, 
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PUrygotutt  SUmonia^  Styhmunu.EurypUrus, 
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and  Etheridge,  jr.  (Bobert).     On 
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Carboniferous  limestone  series,  East 
Kilbride,  and  the  Old  Red  Sandstone  of 
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earis,  from  the  Carboniferous  limestono 
sedefli,  East  Kilbride,  and  from  the  old 
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In  Bept  Brit  Asso.,  voL  43, 1873,  Trans,  at 
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Eighth  report  on  fossil  Crustacea. 

In  Kept  46th  Meeting  Brit  Assoc  Adv.  Sci., 
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2, 1876,  p.  620. 

Two  lectures  on  recent  and  foAsil 
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Woodward  (Henry)— Continued. 

A  catalogne  of  BriciBh  foasil  Cms- 

taoea,  with  their  synonyms  and  the 

range  in  time  of  each  genns  and  order. 

Published  by  order  of  the  trustees  of 

the  British  Museum  1677. 

A  review  of  the  book  was  publlilied  in  the 
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Note  on  Palseozoic  Crnstacea. 
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flgnre. 

Note  on  a  new  English  H<malonotu$ 

from  the  Devonian,  Torqaay,  South 
Devon. 

In  GeoUMag.,  decade  2,  vol.  8,  London,  1881, 
p.489,pll3. 
Homalonotus  ehampemotenei 

" —  Contributions  to  the  study  of  fossil 
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p639,pL14. 

Eryon  perrani,  Paktoearit  bumetHi,  flgnre, 
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Additional  note  on  Homalonotus  from 

the  Devoniao. 
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HomalonotuM  goniopygcmi,  H,  ehampenww- 
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Phyllopod  from  the  Upper  Devonian  of 
Belgium. 

In  GeoL  Mag.,  decade  2,  roL  0,  London,  1882, 
I»>444,flgarea. 

On  a  series  of  Phyllopod  Crustacean 

^Uelds  from  the  Upper  Devonian  of  the 


"Woodward  (Henry)— Continued. 
Eifel;  and  on  one  from  the  Wenlock 
shales  of  Wales. 

In  GeoL  Mag.,  new  serlee,  decade  2,  toL  0, 
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Oardioearii  n.  g.,  Pholadocarit  n.  g.,  Apty' 
ehopii. 

Synopsis  of  the  genera  and  species 

of  Carboniferous  limestone  Trilobites. 

In  GeoL  Mag.,  new  seriea,  decade  2,  toL  10, 
London,  1883.  pp.  445, 481, 534,  pis.  11-13. 
PkOliptia,  QrigUkUisM,  BraehymetopuM. 
Edition  by  author  3  pis.  aitd  26  pp. 

Synonyms  of  Philliptia  gemmnlifera^ 

In  GeoL  Mag.,  decade  8,  voL  1,  London,  1884^ 
p.  21 

Monograph  of  the  British  Carbonif- 
erous Trilobites. 
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pis.  1-8.  Phimp9ia,0HiUhidet.  Pt2(ooncla- 
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Proetut,  PhOKptia,  Braehymetopui,  Orif^ 
aUdet,IkUmanitMr. 

On  the  structure  of  Trilobites. 

In  GeoL  Mag.,  decade  3,  voL  1,  London,  1884, 
p.  78. 
Ataphui, 

Appendages  of  Trilobites. 
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Note  on  the  remains  of  Trilobites 
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On  the  discovery  of  Trilobites  in  the 
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In  GeoL  Mag.,  decade  3,  ToL  1, 1884,  p.  534. 
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and  Jones  (T.  Rupert).    Notes  on        ^^ 

the  phyllodiform  Crustacea,  referable 
to  the  genus  EdinooarU,  from  the  Pa- 
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In  GeoL  Mag.,  decade  8,  toL  1,  London,  1884, 
p.  383,  pL  13. 
OertOioearit. 

On  some  Palieozoic  Phyllopod  shields 

and  on  Nebalia  and  its  allies. 

In  GeoL  Mag.,  decade  3,  toL  2.  London,  1888^ 
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Woodward  (Henry)— Continaed. 

Notioe  of  a  new  limoloid  Cmstooean 

from  the  DeTonian,  by  H.  8.  Williams. 
In  G«oL  Hi«..dMadA  S.T(ri.  S,  London,  1886, 
P.4S7. 

On  the  discovery  of  Trilobitee  in  the 

Upper  Green  (Cambrian)  slates  of  the 
Penrhyn  qaarries,  Bethesda,  near  Ban- 
gor, North  Wales. 

In  Qusrtt  Jonr.  QtnIL  Soo.  London,  toL  44, 
1888,p.74.pLf. 

Otnooorypks  viola  Wood. 

On  the  discovery  of  Trilobites  in  the 

Upper  Green  (Cambrian)  slates,  etc., 
North  Wales. 

In  Bept.  87tli  Mooting  Brit  AsMM.  Adr.  SoL, 
1897.  p.  808. 

Oonoeory^viUa. 

^-—  On  a  new  species  of  Eurypienu  ftom 
the  Lower  Carboniferoas  shale,  Esk- 
dale,  Scotland. 

In  Bopt.  87th  Mooting  Brit.  Aasoo.  Adv.  8oL, 
1887.  p.  808. 

See  Jones  (T.  Rnpert)  and  Wood- 

^rard  (Henry). 
See  Btheildge  (Robert)  and  Wood- 
ward (Henry). 
Worthen  (A.  H.)  Description  of  two 
new  species  of  Cmstacea,  fifty-one  spe- 
cies of  mollusca,  and  three  species  of 
Crinoids  from  the  Carboniferons  forma- 
tion of  Illinois  and  a^Jftceut  States. 

In  BiilLNo.2Stote  Mno.Kat  Hist  Illinois, 
1884. 

(Mpocarii  ehetUrmitit,  SoUnocarit  SLLudo- 
vici, 

Soo  Also  Modi  (F.B.)andWorth«n  (A.H.) 

Tonng  (J. )  Descriptive  notes  of  several 
new  and  rare  forms  of  Entomostraca. 

In  Tznns.  OooL  Soo.  Glasgow,  vol  6^  p^  S, 
1877. 

—  On  the  Silnrian  strata  of  Pen- 
whapple  Glen,  near  Girvan. 

In  Proo.Kat.  Hist  Soo.  Glasgow,  toL  1,  pt  2, 
1888^  p.  171;  also  in  Proa  BoyalPliys.  Soo.  Edin- 
bnrgh,  voL  4, 1878. 

8olmi9carii  n.  g.  (not  BoUnoeeuit  Moek.). 

Zenker  (J.  C.)  Beitrftge  znr  Natnrge- 
schtchte  der  Urwelt.   Organische  Reste 


>  Zenker  (J.  C.)—Continned. 

(Petrefacten)  rns  der  Altenbnrger 
Brannkohlen-Formation,  dem  Blanken- 
bnrger  Quadersandstein,  jenaischen 
bnnten  Sandstein  nnd  bohmisohen 
Uebergangsgebirge,  mit  6  illaminirten 
Knpfertafeln.    Jena,  1833. 

Olmut  Umgieaudatu$t  O.  pjframidaUi,  O. 
toCttf,  OtarUm  n.g.,  O.  d^fractum,  O.f  tqwmr- 
rotum^  Oonocephaku  n.  g.,  €.  eotUUuit  SOipmh 
etphaUu  n.  g.,  B.  aniUguua. 

Tho  gonao  OtarUm  was  mado  np  from  tbo 
head  of  OypkatpU  bxtrmeitUri  Barr.,  oonnoctod 
witii  tho  pygidlam  of  Orvmta  beamorUi  Barr. 
Tho  sooond  spocios,  dosoribod  as  Otarionf 
tquofrotum^  is  rollNTOd  by  Joaohim  Bairando 
to  {Jhtirurui  gumitadi, 

J.  C.  Zenker  nses  two  generio  names  for  bis 
new  goons  OonoetphahUt  the  flrst  on  p.  48  in 
deseribiug  the  genns  and  tho  seoond  in  his  de- 
scription of  plate  6,  where  he  calls  it  Trigono' 
eephahu. 

Both  those  generio  terms  had  been  nsod  in 
natoial  history  for  other  genera,  the  first  by 
Thnmbnrg  in  1812  for  a  genus  of  the  Ortbop* 
tera,  and  the  second  by  Oppel  in  1811  for  ttio 
BeptU|^. 

The  typical  species  described  as  Oonocephabu 
oottahu  on  p.  49,  and  also  in  the  explanation  of 
pi.  5^  figs.  &-K,  p.  51,  and  as  Trigonocsphahu 
eoHatut  in  the  description  of  pL  5,  given  on  p. 
51,  has  been  referred  by  Joachim  Barraade  to 
an  amended  genus,  ConocepkaKtM  (Zenker) 
'  Barr.,  and  the  species  to  the  older  name  of 
tuU^ri.  The  other  new  genos,  SUSptocephahu, 
has  been  nsod  by  all  snbseqnent  anthers. 

Zeno  (Franz).  Von  Seeversteinerungen 
nnd  FossUien,  welche  bei  Prag  zn  finden 
sind. 

In  None  phys.  Belnstigungwi,  etc,  voL  1, 
1770,  p.  85.  Continnod  same  toL,  p.  38S,  pL  1, 
flg.l. 

.^ndor  the  names  of  Oaeadaoc  K9ftrmu$chel 
Frans  Zeno  desoribes  the  pygidinm  of  2M- 
manitM  hoMfmanni  and  the  head  of  PAoospt 
Uaifrom. 

Zittel  (Karl  A.)  Handbnoh  der  Palteon- 
tologie.  Vol.  2.  Mttnchen  nnd  Leip- 
zig, 1881-'85,  p.  585. 

Zlppe  (F.  X.)  See  Sternberg  (Kasper 
OrafYon), 
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PART   II 


A  SYSTEMATIC  CATALOGUE  OF  AMERICAN  PALEOZOIC  CRUSTACEA. 

TRILOBITA. 

First  serits,  with  grooved  pleurco. 


Family. 


Genera. 


Beferenoe. 


Hupedids  . 


N'oTft  Acta  Phyaico-Med.,  voL  19,  p.  358.  Type, 
Harpes  maeroeepkalus  Gold.,  Harpet  unfftda 
Sternb.  Borrande,  Syst.  SiL  Bohdme,  voL  1,  p. 
347,  pis.  a-9. 


B«mopleiiridie. 


Bemopleurides  Portlock,  1843. 


Geol.  Bept.  Londonderry,  etc.,  p.  254.    Type,  R^ 
mopleurides  coUni  Portlock. 


PandoxSde. 


Paradoxides  Brongniart,  1822., 

Anopolenna  Salter,  1864 , 

Bathynotus  Hall,  1800 

DioeDocephaliM  Owen,  1852..., 


Meaonaois  Waloott,  1884 

DoUchometopns  Angelin,  1854 . 

Hydroeephalns  Barrande,  1846. 


Olenellns  Hall,  1861 . 


OleniiB  Balman,  1826 

Zacaotholdea  Waloott,  1887 

Parabolina  Salter,  1849 

PeltoraHUne-Edwards.  1840  .. 
Cyclognathns  Linnarsaon,  1875  . 


BoU.63 6 


Hist.  Crust  Foss.,  p,  30.    Type,  Paradoxides  tet- 

sini  Brong. 
GeoL  Soc.  Lmidon  Jour.,  voL  20,  p.  236.    Type, 

Anopolenut  henrici  Salter. 
Thirteenth   Bept.  New  York  State  Cab.  Nat. 

Hist.,  p.  117.    Type,  Bathynotug  holopyga  Hall. 
Bept.  Geol.  Snrvey  "Wisconsin,  Iowa,  and  Minne- 
sota, p.  573.  Type,  DiMoeephalu*  minn«soUn»i« 

Owen. 
Am .  Jour.  Sci.,  3d  series,  voL  29,  p.  329.    Type,  OU- 

nuavermontana  Hall. 
Pailseont.  Scand.,  p.  72.     Type,  Dolxchometopu 

tveeicu*;  Ang.  Polteont.  Scand.,  p.  73,  pi.  37, 

fig.  9. 
Notice  Prelim.  Syst.  SiL  Bohfime,  p.  18.    Type, 

EydroeephcUus  caren*  Barr.     Notice  Pr61im. 

Syst.  Sil.  Boh6me,  p.  19. 
Fifteenth  Bept.  New  York  State  Cab.  Nat  Hist., 

p.  114.  Typo,  OleneUuM thompsoniiun.  Twelfth 

Bept.  New  York  State  Cab.  Nat  Hist,  p.  59, 

fignre. 
Paliead.,  p.  56.    Type,  (Henut  ffibbosu*  Wahlen- 

bnrg. 
Am.  Jonr.  Scl.,  3d  series,  vol.  36,  p.  165.    Type, 

Olenoides  fpiiioswi  Walcott 
Mem.  GpoI.  Survey  United  Kingdom,  decade  2. 

Type,  Olenu*  tpinulom  Wahl. 
I  Hist  Nat  Crust,  vol.  3,  p.  344.     Typo,  OUnus 
J      scarabceoides  Wahl. 
I  Geol.  Foroningens  Stockholm  Forhandl.,  vol.  2, 

No.  12,  p,  500.    Type,  Oyolognathu9  micropygxi* 
I     Linnarsson. 
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[BULL.  63. 


Family. 

(Jener*. 

Beference. 

Puudoxides . . . 

Triarthras  GroMi,  1832 

Mon.  Trilobitea  Nortb  America,  p.  87.  Type, 
Triarthrut  teeHi  Green. 

Paliponu  Soand.,  p.  46.  Type,  Lept^plastuM  sttno- 
(tt#  Angelin. 

Subgenera: 

1.  Spbierophthalnias  AngeliB. 

18M. 

/ageUifer  Ang. 

2.  Ctenopyge  Linuarsson,  1880. 

GeoL  Foreningens  Stookbolm  Forhandl.,  vol.  5.  p. 
145.  Type.  OfeniM  (Sphctrophthalmus)  pecten 
Salter. 

BtBokia  Brdffirer.  1862 

Die  slluriscbeo  Btagen  2  und  3,  p.  122.  Type, 
Bceckia  hirttUa  Brdgger. 

AiFW^^^Ai^   «■*■  «r^||^x^>  1  m^^sfmm  •  •«••«•  •••••• 

Ceratopyge  Corda,18i7 

Prodr.,  p.  161.    Type,  OUnus/orJUmlar  S;ir». 

Bohemillidse . . . 

Bobemilla  Barrande,  1872 

Syst.  8U.  Bohfime,  vol.  1,  Suppl.,  p.  137.  Tvpo, 
BohemiUa  ttupenda  Barr. 

■A^\FAM'%jmMS  ■^■■^■■^i'    •   •   • 

Conocorvohidiei   Atntm  Kmrnnnii.  1844 

Taconic  System,  p.  20.    Type,  Atop$  trUineaixu 

X/wAA«/V'\/k  J  ^M*Wm*K         '  "■  ■""■"■'    --■------^«— ----    — .-.  —  --. 

ConooorvDhe  Gorda.  1847 

Prodr.,  p.  23.    Type,  TrilobiU  suUeri  Scblutt 
Prodr.,  p.  26.    Type,  CmiocephaXuM  striaivt. 
Prodr.,  p.  26.      Typo,    Ctenoeephalus    barrandi 

Ptyoboparia  Corda,  1847 

Ctenooepbalas  Corda.  1847 

Corda. 

Solenoplenra  Angelin,  1854 

metopa  Ang. 

Lioatracoa  AngellD,  1854 

Palawnt.  Scand.,  p.  27.  Type,  Liostraeus  aeulea- 
tus  Angelin. 

Aneuaoantbua  Angelin,  1854 

Palieont.  Scaod..  p.  6.  Typo,  Aneuaeanthus  aew 
tanguhiM  Auk, 

Anomocare  Angelin,  1854 

tta  Angelin. 

Angelina  Salter,  1847 

Mem.  GeoL  Survey  United  Kingdom,  deo*dezL 

Type  AngeHna  sediftrieki  Salter. 

Agranlos  Coida,  1847 

DorvDVire  Dames.  1884....... 

Cbina  (Biobtbofen),  voL  4,  p.  23. 

M^VKJ  f  Jr  |^^7   J^^nmS^    XOCTS.  ••••••..••. 

Batbvama  BiUinm.  1850 

CanadianNatanai8t,ToLip.364.  Type,  Ato^iJUtt 

■"■•'■•^  »•*  «■■>  ^^■■■aM|^^n    ^%^0^  ••••••  ••  •• 

exUtnsBMXL 

Bathyaiella  Billings,  1885 

Pal.  FosH.,  vol.  1,  p.  262.  B.  marginatut,  B.  niti 
dus,  B.  txpantus  BilHngs. 

Cbariooephalos  Hall,  1868 

Sixteenth  Bopt  New  York  State  Cab.  Nat  Hiat., 
p.  175.    Type.  CharioeephaluM  whUfiddi  Hall. 

Coryuoxoobus  Angnlin,  1854 

{oM  Ang. 

Kllipsocepbalns  Zenker,  1833 

BcitMge  Nat.  Urwelt,  p.  31.  Type,  Ettipttoce. 
phahu  ambiguw  Z(mkeT==EUiptw!€phaku  Kofi 
Scblott. 

Ptycbaapis  Hall,  1863 

C9t       A.               A.\^     *>      ._▲       ^T               TW          ^-.    Oa.A^     ^^      %_      ^V      A      *»•      A 

Sixteenth  Bept.  Now  York  Suto  Cab.  Nat.  Hint., 

SaoBarrande,  1846 

p.  170.   Type,  DilelocepJuatuminisawnntOvFen. 

Notice  Pr61im.  Syst.  Sil.  BobAme,  p.  13.    Typo, 

Sao  hirsuta  Barr. 
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FamUy. 

Genera. 

Reference. 

ProetidjB 

Proetns  Steinioger,  1^1 

M6in.  Soo.  66oL  France,  yol.  1,  p.  355.    Type, 

Proetut  euvieri  Steininger. 
Zeitoohr.  Deutsch.  geol.  Gesell.,  Berlin,  vol.  32,  p. 

Prodr.,  p.  121.      Type,   Prionopeltee  polydorus 

Corda. 
Annals  Mag.  Nat.  Hist,  Ist  series,  London,  vol. 

20,  p.  229.    Type,  PhiUiptia  maoeoyi  Portlock. 
Org.  Trilobiten  (Ray  Soc.  Ed.,  p.  98).    Phacopg 

eertophthalma  Gold.                                              / 
Syst.  SU.  Bob6me,  vol.  1,  p.  494.    Arethuaina  ko- 

nincki  Barr. 
UnterBach.  Trilobiten,  p.  84.     Type,  Harpidtt 

Syst.  Sil.  Bob^ine,  vol  1,  eoppl.,  p.  19.    Type,  Cfar- 

mon  mtUHlut  Barr, 
Rept  22d  Meeting  Brit.  Assoa  Adv.  ScL,  Trans. 

Sec.,  p.  95.    Type,  Cyphoniseut  soeialis  Salter. 

Dechenella  Kavser.  1880 

Prionopeltie  Corda,  18i7  (Phceton 

Barr.,  Phcethonidet  Anjfelin). 
Brachymeto^ua  McCoy,  1847 

Cyphaspls  Barmeister,  1843 

Haroidea  Bevriob.  1846 

Cumon  Bamuide.  1872 

r! vnhnniARn A  RikltAr.  1 R52 

PhiUipcide.... 

PhJUpsmella  Novftk,  1885 

PhillipBia  Portlock.  1843 

Sitzangsbe.  rbobm.  G  esell.  Wise. ,  1885.  Antbor'g 
edition,  p.  4.  Type,  PhiUipiiTieUa  par(^ola 
Barr. 

Geol.  Rept.  Londonderry,  etc.,  p.  305.     Typo, 

PhUllps. 
Geol.  Rept.  Londonderry,  etc.,  p.  310.     Type, 
QHffithides  longicept  Portlock. 

OriffithideaPortlook.  1843 

Tif4niAnitli1ff^ 

Phaoopa  Emmrlch,  1839 

De  Triiob.,  etc.,  p.  18.    Type,  Phacopt  lati/nmt 

Bronn. 
Zur  Nat.  Trilobiten,  etc.,  p.  15.    Barrande's  Syst 

SiL  Bohdme.  voL  suppl. ,  p.  27.    Type,  Dalmani- 

tet  eaudata  Brunnich. 
PaL  New  York,  vol  7,  p.  xxxii    Type.  Oonmura 

aspectent  Conrad. 
Am.  Jour.  Sci.,  Ist  series,  vol.  82,  p.  343.    Type, 

Cryphceus  boothi  Green. 
Annals  Nat  Hist,  2d  series.  voL  4 ;  also  Contrib. 

Goronnra  Hall  &  Clarke,  1888 

ChaamoDB  MeCoT.  1849 

to  PalSBOnt,  p.  143.     Type,   Oalymene  odim 
Eicbwald. 

CalymenidA... 

Calymene  Brongniart,  1822 

Bavarilla  Barrande,  1868 

Gmst  Foss.,  p.  11.    Type,  Calymene  tubereulata 
Briinnich. 

knighti  Koenig. 
Fanne  SiL  dea  environs  de  Hof  en  Bavidre,  p.  75. 
Type,  BavariUa  ho/eneie  Barr. 

lAchMMidm 

Lichas  Dalman,  1836 
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FamUy. 

G«n6rft. 

Reference. 

TrinadeidiD... 

TrinudeM  Lhlwyd,  1698  (Crypto- 

UthuftOreeo,  1833). 
Ampyx  Dftlmao,  1826. 
Dionidn  BarrandA.  1847 

Morohiaon'e  SUnrian  Syst,  1830,^  p.  650.     Type. 
Trinudeut  fimbriatat. 

Nenes  Jabrb.  fttr  MinenU..  1847,  pt.  4,  p.  391 ;  Syut 

Sil.Bobdine,vol.l,p.5«0.    Type,  Diowwte /or- 

mofaBarr. 
Mem.  GeoL  Surrey  United  Kingdom,  deeade  xi, 

pL  7,  p.  L    Type,  SaiUria  primmva  Tbomaon. 
PaLFoaa.,v6Ll,p.  93.    Type,  Jfiklymwiia  meeW 

Billings. 

Subgenera : 

1.  iSaUma  TbomMm,  1864 

2.  Sndyminta  BUUngs,  1862. . . 

Jlglinidn 

ISglina  Barrande,  18S2 

Syst.  SU.  Bohdme,  vol.  1,  p.  663.    Type,  .SffKna 

IlliBnoridfe 

lUsnnnifl  Hall  1863 

Sixteenth  Bept  New  York  State  Cab.  Kat.  Hist., 

Ataphide 

Asaphns  Brongniart,  1822 

Piychopyge  Angelin,  1854 

Brachyaapis  Salter,  1866 

Croat  Foaa..  p.  17.     Type,  Aiaj^ut  exptmttu 
WabL 

nato  Ang. 
Mon.Brit.Trilobite8,p.l67.   Type,  AtopAta  racti- 

PalsBont  Scand.,p.  15.    Type,  MegaUupU  giga$ 

Angelin. 
Croat  Fobs.,  p.  26.    Type,  A$aphut  bwM  Brong. 
Annals  Nat  Hist.  2d  aeries,  voL  4,  p.  4D9.    Type, 

Barrandia  atrdai  McCoy. 
Pabeont  Scand.,  p.  18.    Tjp^  Ataphue /iwUoKe 

Dalman. 
Quart  Jour.  Geol  Soc  London.  roL  88,  p.  668. 

Palspad.,  p.  49.    Type,  NiUu$  armadiOo  Dahnan. 

Ifeffalafmlfl  Anirfdlii   1852 

Oeyida  Brontmiart.  1822 

Barrandia  McCoy,  1849 

Niobe  Angelin,  1852 

AsapbelliM  Callaway,  1877 

Nilens  Dalman,  1826 

Second  eeriee,  mih  plane  pleuras. 


Styginidis 

Styginia  Salter,  1858 

Kept.  22d  Meeting  %it  Assoc.  Adv.  Sci.,  p.  9t. 
Type,  Styf^nia  lat^rwM  Portlock. 

HlsnidsB 

Hlsnns  Dalman,  1826 

Palsead..  p.  61.    Tjy^IlUdnuterauieaudaWahL; 

Nova  Acta  Reg.  Soc.  SoL  XJpsal..  toL  8,  p.  27.  pi. 

2,  figs.  3,  6.6.    (Not  pL  7,  figs.  5^  6= JOomitf 

€$marH.) 
Organization   Trilobites,  p.  105  (Ray  Soo.  Bd. 

1846).    Type,  Dysplanut  centrottu  Dalro. 

March. 
M«m.  Acad.  SoL  St.P6tersbonrg,  7th  series.  toL  41. 
No.  2.  p.  31.    Type,  Panderia  triquetra  Yolb. 

Dysplanns  Bnrmeister,  1843 

Bomastas  Murchison,  1839 

Panderia  Yolbortb,  1863 
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Third  seriesy  with  ridged  pleurce  (pleure  d  baurreletf  Barrande). 


FamUy. 

Genera. 

HeCerence. 

Acidaspis  Maiohi»OD,  1839  (Odon- 
topleum  Bmmrioh,  1839). 

Silarian  System,  p.  558.    Type,  Addatpit  brightii 
Murch. 

CenuuidA 

CeranruB  Green,  1832  (Oheirurtu 

B^yrich,  1845). 
Spk^rexochas  Beyrich,  1845 

Areift  Bfurande,  1872 

Mon.  Trilobitee  K.  A.,  p.  88.    Type,  Chrauru$ 

pUurexanthemut  Green. 
Ueber  einige  bohm.  Trllobiten,  p.  19.  Type,  Sphte- 

rexochui  mirut  Beyrioh. 
Syst.  SiL  Boh6mo,  voL  1,  sappL,  p.  90.  Type,  Areia 

bohenUea  Barr. 
Syst  SU.  Boh6me,voLl.p.814.    Type,  D«^Aon 

forbeti  Barr. 
Prodr.,  p.  128.    Type,  Plaeoparia  zippi  Boeok. 
Syst  Sa.  Boh6me,voL  1,  p.  810.    Type,  Stauro- 

eephalus  murchisoni  Barr. 
Geol.  Mag.,  decade  2,  vol.  7,  p.  97.    Type,  Onyeth 

pyge  livertidgei  Woodward. 

Deiphon  Barrande,  1862 

Plaooparia  Corda,  1847 

Staurooephaliu  Barrande,  1852.... 
Onycopyge  Woodward,  1880 

Amphionid® .  . 

Amphion  Pander.  1850 

BeitrSge  Geog.  Rassiscben  Keiobes,  p.  439.   Type, 
An^huniftMcheri  Eicbwald. 

Ureottatut  Barr. 

CroninB  Barrande.  1852  ........... 

SoonmiTidflD... 

EnorinaroB  Emmrioh,  1844  (Cryp- 

tonymnii  Eichwald). 
CvbeleLoyen.  1845 

Zur  Nat.  TrUobiten,  p.  1*6.    Type,  TrUobus  pune- 

tatut  Briinnicb. 
Svenska  Akad.  ForbandL.  1845,  p.  110.    Type, 

Prodr.,  p.  119.    Type,  Dindymene  /r4derie<hau- 
gtuHCoT^A. 

Dindymene  Corda,  1847 ,... 

Brontlda) 

Bronteas  Ctoldfuaa.  1848 

Beitrttge  Petrefact.  Nora  Acta  Pbysioo-Med.. 
voL  19,  p.  860.    Type,  BronUs  JUxheai/er  Gold. 

— T 

Fourth  series. 


AKDOStid» 

Agnosias  Brongniart,  1822 

Hist  Cmst  Foss.,  p.  38.    Type,  Agno$tiu9  piai- 

• 

fomUt. 

Sbomardia  Billings,  1862 

PaL  Foss.,  ToL  1,  p.  92.  Type,  Shumardia  grtMU' 
2o«a  Billings. 

Miorodisona  Enunons,  1856 

Am.  Geology,  yoL  1,  pt  2.  p.  116.  As  defined  by 
Cbas.  D.  Walcott,  1886.  Type,  JIT.  punetatui 
and  Jf.  apMontt. 
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ICurreDt  names  are  printed  in  bold  face  type;  aynonyma  in  ItaUc.] 

Aotmiholoma  Conrad,  1840;  3d  Annual  Rept.  Pal.  Dept.  New  York  Geol.  Survey, 
p.  205.     (See  AcidasplB.) 

spinosa  Conrad .    ( See  Acidaspis  tnberculatns. ) 

AcidaBpis  Mnrchison,  Silurian  System,  1B39,  p.  658.  ^ 

Type,  A<Uda8pi8  brightii  Murch.,  Sil.  Syet,,  p.  658,  pi.  14,  figs.  10, 15. 
Syn.,  Ceratocepliala  Wanler,  1838;  Am.  Jour.  Sci.,  Ist  series,  vol.  34,  p.  377. 
Odontapleura  Emmrich,  1839;  De  Tril.,  p.  53. 

Argea  Goldfuss  (in  part),  Neues  Jabrbuch  fUr  Mineral.,  1843,  pp.  544, 556. 
Polyena  Rouault,  1846;  Bull.  Soc.  G^ol.  France,  vol.  4,  p.  320. 
SeUnopeltis  Corda,  1847 ;  Prodr.,  p.  34. 
Trapelocera  Corda,  1847 ;  Prodr.,  p.  158. 

Di9cranuru9  Conrad,  1841 ;  5tb  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  48. 

anchoralis  Miller,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  349,  figs.  2-4. 

Hudson. 

armaiua,    (See  Acidaspis  eriopa.) 

oallloera  Hall,  1888;  Pal.  l^ew  York,  vol.  7,  pp.  69,224,  pi.  IC  b,  figs.  1-3. 

Upper  Helderberg. 

ICeratooephala']  ceralepta  Anthony,  1838;  Am.  Jour.  Sci.,  Ist  series,  vol.  34,  p. 

379,  figs.  1,2.  Hudson. 

oeralepta  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  169,  pi.  14,  figs.  8-9. 

ceralepta  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  130. 

oincinnatienBis  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  167,  pi.  14,  fig.  3.  Hudson. 

oincinnatienBis  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  130. 

ICeraurus]  croaotuB  Locke,  1842;  Am.  Jocr.  Sci.,  Ist  series,  vol.  44,  p.  347,  fig. 

Hudson. 

croBOtUB  James,  1871 ;  Catalogue  Fossils  Cincinnati  Group,  p.  14. 

oroBOtns  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  165,  pi.  14,  figs.  10  a,  b. 

croBOtOB  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  129. 

, —  danai  Hall,  1862;  Geol.  Wisconsin,  vol.  1,  p.  432.  Niagara. 

Syn.,  Acidaspis  ida  (Winchell  and  Marcy)  Hall,  20th  Rept.  New  York  State  Cab. 
Nat.  Hist.,  p.  389. 

danai  Hall,  1867;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  33:?,  pi.  21, 

figs.  8,  9. 

danai  Hall,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  423,  pi.  21,  figs. 

8,  9(rev.  ed.). 
■ —  [Terataspis^  eriopa  Hall,  1876 ;  lUus.  Devonian  Foss.  Crust.,  pi.  19,  figs.  4-7, 10, 
11,  12.    (See  laichas  (Canolichaa)  eriopa  Hall.) 

fimbrlata  Hall,  1879;  Description  of  New  Species  from  the  Niagara  Group,  p. 

20.  Niagara. 

—  fimbrlata  Hall,  1882;  Trans.  Albany  Inst.,  vol.  10,  p.  76. 
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Acidaspis  fimbriata  Hall,  1883;  11th  liopt.  Gool.  Nat.  Hist.  Indiana,  p.  334,  pi.  33, 
fig.  IL 

ITerataspis'i  grandia  Hall,  1H7G;  lUua.  Devonian  Ftwa.  Criwt.,  pi.  17,  figs,  1-6; 

pi.  18,  figs.  1-4.     (See  Itichaa  (Terataspii)  grandia  Hall.) 

halli  Shnmard,  ia''>5 ;  Ut  and  2d  Rept.  Geol.  Survey  MisHOuri,  pt.  2,  p.  200,  pL  B, 

figs.  7  a,  b,  c.  Trenton. 

IDiecranurue]  hamata  Conrad,  1841;  5th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  48,  pi.  1,  tig.  1.  Lower  Helderberg. 

[Z>wcramirtt«]  hamata  Hall,  1862 ;  15th  Re^t.  Now  York  State  Cab.  Nat.  Hist., 

pi.  2,  fig.  1.    Republication  of  pi.  2,  5th  Ann.  Rept.  Pal.  Dept.  New  York  GeoL 
Survey. 

hamata  Hall,  lb59;  Pal.  New  York,  vol.  3,  p.  371,  pi.  79,  figs.  15-19. 

' hamata  Meek  and  Worthen,  1868;  Geol.  Survey  Illinois,  vol.  3,  p.  :^,  pi.  7,  fig.  17. 

horaui  Billings,  1857;  Geol.  Survey  Canada,  p.  341.  Trenton. 

horani  Billings,  1863;  GeoL  Survey  Canada,  p.  190,  fig.  190. 

ula  Winchell  and  Marcy,  1865;  Mem.  Boston  Soo.  Nat.  Hist.,  vol.  1,  p.  106,  pi.  3, 

fig.  13. 

o'nealli  Miller,  1875;  Cincinnati  Quart.  Jour.,  vol.  2,  p.  86,  fig.  9.  Hndson. 

ortoni  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  90,  pi.  8,  fig.  1. 

parvnla  Walcott,  1877 ;  Advanced  sheets  31st  Rept.  New  York  State  Mns.,  p.  16. 

Trenton. 

parvnla  Walcott,  1879 ;  31st  Rept.  New  York  State  Mns.,  p.  69. 

romingeri  Hall,  1888;  Pal.  New  York,  vol.  7,  pp.  71.224,  pi.  16  b,  figs.  15-18. 

Hamilton. 

spi H iger,    (See  Bathynma  apiniger. ) 

trentonenaia  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  240,  pi.  64,  figs.  4  af. 

Trenton. 

trentonenaia  Emmons,  1855 ;  American  Geology,  vol.  1,  pt.  2,  p.  216,  fig.  73. 

tuberoulatua  Conrad,  1840;  3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Snrvey, 

p.  205.  Lower  Helderberg. 

Syn.,  Acantholoma  Conrad,  1840;  3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Snr- 
vey, p.  205,  fig.  3. 
Aoantheloma  spinosa  Conrad,  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  39,  pi.  1,  fig  3. 

tnberculatua  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  368,  pi.  79,  figs.  1-14. 

tnberculatna  Hall,  1861 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., pi.  2,  fig.  3. 

Actinurus  De  Castelnau,  1843;  Sil.  Syst.  de  PAm^r.,  p.  21.    (See  Liohas  boltoni.) 
Aglaapia  Hall,  1862;  Canadian  Naturalist,  vol.  7,  p.  445,  figure.    Hall,  1863;  16di 
Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  181. 
Type,  AgUispis  harrandi  Hall. 

barrandi  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  181,  pi.  11, 

figs.  7-16.  Potadam. 

eatoni  Whitfield,  1880 ;  Ann.  Rept.  Geol.  Snrvey  Wisconsin,  p.  52.        Potsdam. 

eatoni  Whitfield.  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  192,  pi.  10,  fig.  11. 

Agnostua  Brongniart,  1822;  Hist.  Nat.  Crust.  Foss.,  p.  38. 
Typo,  Agnoatus  pisifoi^miSj  idem.,  p.  38,  pi.  4,  figs.  4  a,  4  b. 
Syn.,  Battus  Dalman,  1826;  Palsead.,  p.  33. 

THnodus  McCoy,  1846;  Sil.  Foss.  Ireland,  p.  56. 
Phalacroma  Corda  (in  part),  1347 ;  Prodr.,  p.  158. 
Mesoepheniscus  Corda,  1847 ;  Prodr.,  p.  46  (Agnostua  integer), 
IHplorrhina  Corda,  1847 ;  Prodr.,  p.  46. 
Condylopyge  Corda,  1847;  Prodr.,  p.  50  {Agnostus  rex), 
Lejopyge  Corda,  1847;  Prodr.,  p.  51  (Agno»tus  Ifevigatvs), 
Arihrorhachi$  Corda,  1847;  Prodr.,  p.  114  (Agnoatua  tardus), 
Peronopsia  Corda,  1847;  Prodr.,  p.  115  {Agnostua  interger), 
Pleuroctenium  Corda,  1847;  Prodr.,  p.  116  {Agnostua  granulattu). 
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Agnostus  acadicua  Hartt,  1868 ;  Acadian  Geology,  p.  655,  fig.  229  (3d  ed. ).    St.  John. 
Syn.,  SimiJis  Hartt,  1868;  Acadian  Geolojjy,  p.  656  (3d  ed.). 

Similis  Hartt  (Waicott),  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  22. 
acadioua  Waicott,  1884;  BalL  U.  S.  Geol.  Survey,  No.  10,  p.  22,  pi.  2,  figs.  2, 2 

a,  c. 

amerioanns  BiUiugs,  I860 ;  Canadian  Naturalist,  vol.  5,  p.  302,  fig.  1.        Qaebec. 

amerioanxui  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  395,  fig.  372. 

faidena  Meek,  1873 ;  6th  Ann.  Kept.  U.  S.  Geol.  Survey  Territories,  p.  463. 

Potsdam. 
bidens  Waicott,  1884;  Pal.  Eureka  Di8t.,Mon.  U.  S.  Geol.  Survey,  voL  S,  p.  26, 

pi.  9,  figs.  13,  13  a. 

canadensis  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  304,  fig.  3.         Quebec. 

canadensis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  397,  fig.  374. 

coloradoensis  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  218. 

Potsdam. 
oommonis  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  228, 

pi.  1,  figs.  28,  29.  Potsdam. 
oommnnis  Waicott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  27. 
dlsparlis  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  179,  pi.  10, 

figs.  25-27.  Potsdam. 

fiabina  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  298,  fig.  289.  Quebec. 

glabba  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  297,  fig.  288.  Quebec. 

interstrictxis  White,  1874 ;  Prelim.  Rept.  Invert.  Foss.,  p.  7.  Potsdam. 

interstrictns  White,  1877 ;  U.  S.  Geog.  and  Geol.  Survey  W.  100th  Meridian,  p. 

38,pI.2,figB.5a,  5  b. 
interstrictns  Waicott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  149,  pi.  16, 

figs.  6, 6  a. 

interstrictns  Waicott,  1888 ;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  166. 

sp.f  Rominger,  1887;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  18. 

josepha  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  178,  pi.  6, 

figs.  54, 55.  Potsdam. 

tobatut  Hall.    (See  Microdiscns  lobatns.) 

maladenais  Meek,  1873 ;  6th  Annual  Rept.  U.  S.  Geol.  Survey  Territories,  p.  464. 

Calciferous. 
neon  Hall  and  Whitfield,  1877 ;  U.  8.  GFeoL  Expl.  40th  Par.,  voL  4,  p.  229,  pi.  1, 

figs.  26,27.  Potsdam. 

neon  Waicott,  1884 ;  Pal..  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  27. 

nobills  Ford,  1872 ;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  421,  figs.  1, 2.       Postdam. 

nobiUs  Waicott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  150,  pi.  16,  fig.  7. 

orion  Billings,  I860;  Canadian  Naturalist,  vol.  5,  p.  304,  fig.  2.  Quebec. 

orion  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  397,  fig.  393 

orion  Shumard,  1863 ;  Trans.  Acad.  Sci.  St.  Louis,  vol.  2,  p.  105. 

paiilis  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  179,  pi.  11,  figs. 

23,24.  Potsdam. 
prolongus  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  230, 

pi.  1,  figs.  30, 31.  Potsdam. 

prolongns  Waicott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S  Geol.  Survey,  vol.  8,  p.  28. 

richmondensis  Waicott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  IJ.  S.  Geol.  Survey,  vol. 

8,  p.  24,  pi.  9,  fig.  10.  Cambrian. 
seclnms  Waicott,  1884 ;  Pal.  Eureka  Dist., Mon.  U.  S.  Geol.  Survey,  vol.8,  p.  25, 

pi.  9,  fig.  14.  Cambrian. 

9imili$  Hartt.    (See  Agnostus  acadicns.) 

tumidosns  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  231, 

pi.  1,  fig.  32.  Potsdam. 
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Ag;raiilos  Corda,  1847;  Prodr.,  p.  23. 

Ty|M»,  .Irioiu'lltis  ceriicephalus  Barraude. 

Syu.,  Arion  Barrande,  1846;  Notico'«Pr61iin.,  p.  13. 

ICllipsooepkalus  Barrande,  1846 ;  Notice  Prelim.,  p.  12  (not  ElUptocepJutim^ 

Zenker)  or  {Ellipiooepkalut  Emmons). 
Arionelliu  Barrande.  1852;  Syst.  Soi.  Bohdme,  p.  404. 

afflnia  Billings,  1874;  Pal.  Foes.,  yoL  2,  p,  72.  Potsdam. 

affinia  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  153,  figs,  2, 2  a,  b. 

lArionellue"]  bipnnotatxui  Shumard,  1863;  Trans.  Acad.  Soi.  St.  Louis,  vol.  2,  p. 

101.  Potadam. 

IJrionellua']  bipnnotatua  Hall,  1863 ;    16th  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  169,  pi.  7,  figs.  50-57. 

[AtHoneHua  {Agi'auloa)^  oonvexna  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey 

Wisconsin,  1877,  p.  57.  Potsdam. 

[ArioneUus'i  convexus  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  190,  pi.  1, 

fig.  17. 
lArioHellua.^  cylindricua  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  314,  fig. 

14.  Quebec. 
lArionellus']  cylindricns  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  406,  fig.  385.    (See 

Ptychaapia  oylindricoa.) 
?  globoaxiB  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  61,  pi.  U,  fig.  23.  Cambrian. 

owenl  Meek  and  Hayden,  1861 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  1861,  p.  436. 

Fotedam. 
The  species  was  also  referred  to  the  genera  ArionelluB  and  Crepioephalvs. 
— ^  lAr'wneUtt$'\  oweni  Meek  and  Hayden,  1862;  Am.  Jour.  Sci.,  2d  series,  vol.  33, 

p.  74. 
lAri<mellu8'\  ov^enl  Meek  and  Hayden ;  Pal.  Upper  Missouri,  p.  9,  figs,  a,  b,  o, 

pi.  1,  fig.  4. 
Referred  by  Walcott,  1884,  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 
8,  p.  55,  pi.  10,  to  Ptjfckoparia  oweni, 
lArionelluB  (Bathjfurua)']  planxui  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol. 

32,  p.  219.  Potsdam. 
lArionellua']  pnatulatus  Walcott,  1877;  Advanced  sheets  31st  Rept.  New  York 

State  Mus.  Nat.  Hist.,  p.  15.  Chazy. 
[Arianellus'i  pnatulatxui  Walcott,  1877;  31st  Rept.  New  York  State  Mus.  Nat. 

Hist.,  p.  68. 
lArionellus'}  qnadrangolaris  Whitfield,  1884 ;  Bull.  Mus.  Nat.  Hist.  New  York, 

vol.  1,  p.  147,  pi.  14,  &g.  8.  Potsdam. 

quadrangularia  Walcott,  1884 ;  Bull.  U.  8.  Geol.  Survey,  No.  10,  p.  48,  pi.  7,  fig.  1, 

aocialia  Billings,  1874 ;  Pal.  Foes.,  vol.  2,  p.  71,  fig.  40.  Potsdam. 

Booialis  Matthew,  1886;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  151,  fig.  1,  1  a,b. 

Btrenuua  Billings,  1874 ;  Pal.  Fobs.,  vol.  2,  p.  71,  fig.  41.  Potsdam. 

atrenuuB  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  153,  figs.  3,  3  a,  b. 

eubclavaius  Billings.    (See  Ptyohaapia  subolavatua.) 

lArionellus  (BathyuruB)^  texanua  Shumard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol. 

32,  p.  218.  Potsdam. 

—  [JHoneZZutf]  tripnnctatuB  Whitfield,  1876;  Rept.  Recon.  Upper  Missouri,  p.  141, 

pi.  1,  figs.  3-5.  Potsdam. 
IBaihyurusf}  woosteri  Whitfield,  lHj;8;  Ann.  Rept.   Geol.  Survey  Wisconsin, 

1877,  p.  56.  Potsdam. 
[Ba%Mrtwf]wooaterl  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  189,  pi.  1, 

figs.  19-21. 
Amphion  Pander,  1830 ;  Beitrage  znr  Geol.  russischen  Reiches,  p.  139. 
Type,  Amphion  fischeri  Eichwald. 
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Amphion  barrandi  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  288,  Hg,  277.  Quebec. 

canadensis  Billings,  1859;  C:in.  Nat.,  vol.  4,  p.  381,  fig.  12,  a,  b.  Chazy/ 

canadensis  Billings,  1863 ;  Gqj^I.  Survey  Canada,  p.  133,  &g.  69. 

canadensis  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  288,  fig.  278. 

oonvezns  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  322.  Qnebeo. 

instdaris  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  290.  Qnebec. 

Julius  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  290,  fig.  279.  Quebec. 

matutina  Hall,  1863 ;  16tb  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  222,  pi.  5  a, 

fig.  6.  Potsdam. 

multisegmentatus,    (SeeEncrinums  multisegmentatns.) 

nevadensis  Walcott,  1884 ;  Pal.  Eureka  Dist.  Mon.  U.  8.  Geol.  Survey,  vol.  8,  p. 

94,  pi.  12.  fig.  13.  Pogonip. 

salteri  Billings,  1861 ;  Ci^nadian  Naturalist,  vol.  6^  p.  322,  fig.  6.        Calciferous. 

salteri  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  399. 

westoni  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  321,  fig.  307.  Quebec, 

Ampjqc  Dalman,  1826;  Palaead.,  p.  53  (Qerman  edition). 

Type,  Ampyx  nasuta  Dalman. 
cunerioaniis  Safford  and  Yodges,  1889 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  p.  166, 

figure.  Trenton. 

halli  Baiings,  1861 ;  Pal.  Foss.,  vol.  1,  p.  24,  figs.  25,  a,  b,  c.  Chaasy. 

halli  Billings,  1862 ;  Geol.  Survey  Vermont,  vol.  2,  p.  959,  fig.  365. 

laeviusotdus  BUlings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  295,  fig.  285.  Quebec. 

normalis  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  295,  fig.  286.  Quebec. 

rustdUns  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  296.  Quebec 

semioostatus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  297,  fig.  287.  Quebec. 

Angelina  Salter,  1864 ;  Mem.  Geol.  Survey  United  Kingdom,  decade  xi,  pi.  7. 

Type,  Angelina  sedfftoicJci  Salter. 
hitohcocki  Whitfield,  1884;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  1,  p. 

148,  pi.  14,  fig.  13.    (See  Protypxis  hitchcooki)  Potsdam. 

Anomocare  Angelin,  IQ52 ;  l^alseont.  Scand.,  p.  24. 

Type,  Anomocare  aouleatue  Ang.,  pi.  18,  fig.  6. 
[f  Conoo^h,"]  depressus  Shumard,  1861 ;   Am.  Jour.  Sci.,  2d  series,  vol.  32,  p. 

219.  Potsdam. 
iLonchooephus']  hamulus  Owen,  1852;  Geol.  Survey  Wisconsin,  Iowa,  and  Min- 
nesota, p.  576,  pi.  1  a,  figs.  8-12.                                                               Potsdam. 
undet.  Trilobite,  Owen,  1848 ;  Geol.  Reconnoissance  Chippewa  Land  Dist.,  p. 

15,  pL  7,  fig.  5. 

1  Conocephalifes]  hamulus  Shumard,  1863 ;  Acad.  Sci.  St.  Louis,  vol.  2,  p.  104. 

[Conocephalites'\  hamulus  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  166,  pi.  7,  figs.  43,44;  pi.  8,  figs.  25,26. 

.  hamulus  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  24. 

IConocephalites'i  patersoni  Hall,  1863;  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

159,  pi.  7,  figs.  45,  46.  Potsdam. 

patersoni  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  24. 

?  parvimi  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

59,  pi.  9,  fig.  17.  Cambrian. 
?  panrom  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  209,  pi.  25, 

fig.  1. 
ICrepicephalue  f]  wisconsensis  Owen,  1852;   Rept.  Geol.  Survey  Wisconsin, 

Iowa,  and  Minnesota,  pi.  1,  fig.  13.    (The  upper  figure  only ;  the  other  figured 

specimen  belongs  to  Dikelocephalue  granulosus, ) 
[Crepieephalu8'\  'VTisconsensis  Shumard,  1863;  Trans.  Acad.  Sci.  St.  Louis,  vol. 

2,  p.  103. 
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Auomooare  [  Crepicephalus'}  wisconfienoia  Hall,  1863 ;  16th  Kept  New  York  State 
Cab.  Nat.  Hist.,  p.  164,  pi.  7,  figs.  39-41 ;  pi.  8,  figs.  22,23,24,27.28. 
6yn.,  Dikehcephalus  ldt\fron8  (Shuniard)  Hall,  1863;  16th  R^pt.  New  York  State 
Cab.  Nat.  Hiet.,  p.  165,  pi.  7,  fig.  40. 

wiflconsenais  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  24.  Potsdam. 

Anopolenus  Salter,  1864 ;  Qeol.  Mag.,  vol.  1,'p.  236. 

Type,  AnopolenuB  henrioi  Salter ;  Quar.  Joar.  Geol.  Soc.  London,  vol.  20,  p.  236,  pL 
13,  figs.  4, 5.  (See,  also,  Anopolenus  salterl  Hicks ;  «ame  Jonrnal,  vol. 
21,  p.  478,  pi.    ,fig.  L 

vennatos  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  73,  fig.  42.  Potsdam. 

Arethnaina  Barrande,  1852;  Syst.  Sil.  Bohdme,  vol.  1,  p.  493. 
Type,  Arethu9%na  koninoki  Barrande. 

americana  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sorvey,  vol.  8,  p. 

62,  pi.  9,  fig.  27.  Cambrian. 

Arge$.    (See  Zachaa.) 
Argea,  subgenus  lAchas,  Hall  and  Clarke,  1868 ;  Pal.  New  York,  vol.  7,  p.  Iz. 

pMyctanodes  Green.    (See  Liohaa  phlyotanodea. ) 

arianellHt.    (See  Agrauloa.) 

Aaaphiacua  Meek,  1873;  6tb  Ann.  Rept.  U.  S.  Geol.  Survey  Territories,  p.  485  (foot- 
note). 

IBathywellus  (A8apM$ou$)'\  bradleyi  Meek,  1873;  6th  Ann.  Rept.  U.  S.  GeoL 

Survey  Territories,  p.  484.  Cambrian. 

bradleyi  Meek,  1873;  6th  Ann.  Rept.  U.  S.  Geol.  Survey  Territories,  p.  485. 

wheeleri  Meek;  1873;  6th  Rept.  U.  S.  Geol.  Survey  Territories,  p^  486  (foot- 
note). Cambrian. 

wheeleri  White,  1875;  Geog.  and  Geol.  Survey  West  100th  Meridian,  voL  4,  p.  43, 

pi.  2,  figs.  1  a-f. 

wheeleri  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  :iO,  p.  220,  pi.  31,  figs.  3, 3  a. 

Aaaphua  Brongniart,  1822;  Hist.  Nat.  Crust.  Foss.,  p.  18,  pi.  2,  fig.  1  a,  b. 
Type,  A$apku8  expaneus  Linn^. 

Syn.,  CryptonymiM,Eichwald,1825;  (in  part)  not  Cryptonymua  Eichwald,  1840. 
IsoieluB  De  Kay,  1822;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p.  174. 
Hemicruptttrw  Green,  1832;  Mon.  Tril.  North  America,  p.  20. 

acantholeurus,    (See  Dalmanitea  acantholeuma.) 

alacer  Billings,  1866;  Catalogue  Sil.  Foss.  Anticosti,  p.  26,  fig.  9. 

asptctan$,    (See  Dalmanitea  aapeotana.) 

aatragalotea  Green,  1834 ;  Am.  Jour.  Sci.,  1st  series,  vol.  25,  p.  335. 

aatragalotea  Green,  1835;  Suppl.  Mon.  Tril.  N.  A.,  p.  11,  cast  37. 

Probably  Phtioops  tana  Green. 

harrandi.    (See  Ogygia  barrandi.) 

canadenaia  <3hapman,  1856;  Canadian  Jour.,  voL  1,  p.  482.  Utica  Slate; 

* —  oanadenala  Chapman,  1858 ;  Canadian  Jour.,  vol.  2,  p.  47. 

canadenaia  Chapman,  1858;  Canadian  Jour.,  vol.  3,  p.  230,  figure. 

canadenaia  Chapman,  1859;  Canadian  Jour.,  vol.  4,  p.  1,  figure. 

canadenaia  Chapman,  1859;  Annals  Nat.  Hist.,  3d  series,  vol.  2,  p.  9,  fig.  1. 

canadenaia  Billings,  1863;  Geol.  Survey  Canada,  p.  204,  tg,  201. 

From  a  personal  study  of  the  species  collected  on  the  Georgian  Bay,  Canada, 
I  am  inclined  to  refer  Asapkvki  KalU  and  A.  HnckHi  to  AaaphuM  ecmadensU 
Chapman. 

ITsotelus']  oanalia  Conrad  MS8.  Chazy. 

[IsoieluB]  canalia  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  25,  pi.  4  his,  figs.  17-19. 

canalia  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  255;  also  p.  352,  fig.  340  (not  Con- 
rad sp.). 

oanalia  Billings,  1862;  Geol.  Vermont,  vol.  1,  p.  299,  pi.  12,  fig.  5. 

This  species  is  probably  Aaaphua  platycephalua. 
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AsaphuB  canalis  Whitfield,  1886;  BulJ.  Am.  Mus.Nat.  Hist.,  New  York,  vol.  1,  p. 
336,  pi.  34,  figs.  1-8. 

canalis  OVhitfield,  1889;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York,  vol.  2,  p.  64, 

pis.  11,12. 

oaiibouenais  Walcott,  1884;  Pal.  Eareka  Di8t.,MoD.  U.  S.  Geol.  Survey,  vol.  8, 

p.  98,  pi.  12,  figs.  7-7  a,  b.  Pogonip. 

eaudatus,    (See  Dalmanltes  limtdnnis. ) 

eordieri.    (See  Dalmanites  limulums. ) 

cortfctvM.    (See  Proetns  coiyocBus. ) 

crifptuinis.    (See  Homalonotas  crypturua.) 

coiioans  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  318,  fig.  305.  •         Quebec. 

?  coriosus  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

98,  pi.  12,  fig.  15. 

deuHculatus.    (See  Dalmanites  dentioulatas.) 

ditmarsite  Houeymau,  1879 ;  Proc.  Nova  Scotia  Inst.  Nat.  Sci.,  voL  5,  p.  18. 

( See  HomalonotuB  crypturus  Green . )  Clinton  1 

dtiinis  Green,  iai9 ;  Am.  .Jour.  Sci.,  1st  series,  vol.  37,  p.  40.  Hudson. 

edtvardi,    (See  Dalmanites  limulums.) 

emoryi  Hall,  1857 ;  Eept.  U.  S.  Mexican  Boundary  Survey,  vol.  1,  pi.  20,  fig.  5. 

Not  defined. 

eaetans.    (See  Bathyurus  eztans.) 

gigas.    (See  Asaphus  platyoephalus.) 

iMegal(upi8  f  ]  goniooerous  Meek,  1873 ;  6tb  Ann.  Bept.  U.  8.  €^1.  Survey  Ter- 
ritories, p.  480.  ^  Quebec. 

goniurus  Billings,  1860 ;  Canadian  Naturalist,  voL'5,  p.  324.  Quebec. 

goniurus  Billings,  1865;  Pal.  Foss.,  vol.  l,p.415. 

halU,    (See  Cryphasus  boothl) 

halli  Chapman,  1858 ;  Annals  Nat.  Hist,  3d  series,  vol.  2,  p.  14,  fig.  3. 

Trenton  and  Utica. 

halli  Chapman,  1858;  Canadian  Jour.,  2d  series,  vol.  3,  p.  236,  figure. 

This  species  is  the  same  as  Asaphus  oanadensis  Chapman. 

hinoksii  Chapman,  1859 ;  Canadian  Jour.  Industry,  Sci.  and  Arts,  vol.  4,  p.  2, 

figure.    (See  Asaphus  oanadensis  Chapman.)  Utica. 

homalononotoides  Walcott,  1877 ;  Advanced  sheets  31st  Rept.  New,  York  State 

Mus.  Nat.  Hist.,  p.  20.  Trenton. 

homalononotoides  Walcott,  1879 ;  31st  Rept.  New  York  State  Mus.  Nat.  Hist., 

p.  71. 

komaloHonotaidM  Whitfield  (not  Walcott),  1882;  G^l.  Wisconsin,  vol.  4,  p.  237. 

(See  Asaphus  trlangulatus.) 

huttoni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  271,  fig.  256.  Quebec. 

illSBnoides  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  323. 

illssnoides  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  414. 

llsotelus']  iowensis  Owen,  1852;  Rept.  Greol.  Survey  Wisconsin,  Iowa, and  Min- 
nesota, p.  577,  pi.  2  a,  figs.  1-7.  Trenton. 

latieosiaius,    (See  Dalmanites  anohiops.) 

?  latimarginata  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  253,  pi.  66,  figs.  4  a,  b. 

Utica. 

Umulurus,    (See  Dalmanites  limulums.) 

marginalis  Hall,  1847 ;  Pal.  New  York.  vol.  1,  p.  24,  pi.  4  W«,  fig.  15.  Chazy. 

marginalis  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  235,  pi.  3,  fig.  16. 

llsotelus]  mazimus  Locke,  1838;  2d  Ann.  Rept.  GeoL  SuiMrey  Ohio,  p.  246,  figs. 

8, 9.  Trenton  and  Hudson. 

Syn.,  Isotelus  megistos  Locke,  1841 ;  Trans.  Am.  Assoc.  Geol.  Nat.,  p.  221,  pi.  6. 
Isotelus  megistos  Locke,  1842 ;  Am.  Jouf.  Sci.,  1st  series,  vol.  42,  p.  366,  pi.  3. 
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Syn.,  IsotelM  megiatos  Meek,  1873 ;  Pal.  Ohio,  vd.  1,  p.  157,  pi.  14,  fig.  13. 

I$oUlu9  megUtos  Miller,  1874,  CincinDati  Qoart.  Joar.  8ci.,  vol.  l,p.  137. 
Amphtts  megiaioi  Walcott,  1884 ;  Science,  March  7,  fig.  1,  voL3rP-200. 
Asaphxui  megalopthalmus  Trowt,  1840;  5th  Geol.  Rept.  Tenneesee,  p.  57. 

Treoton  f 

micropleurus  GreeD,  1835 ;  Sappl.  Mon.  Tril.  North  America,  p.  21,  cant  No.  41. 

micrarus,    (See  Dalmanites  micmrus.) 

mormt  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  272,  fig.  257,  Syn.  to  Asaphus  huttoni 

Billings. 

—  murchisoni  Castelnaa,  Syn.  to  ^^aplixui  platyo^[>halus  Stokes. 
mynnevopkoru9.    (See  Dalmanites  myrmeooplionis.) 

nasutue,    ( See  Dalmanites  nasntos. ) 

f  nodoHfnatuH  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  248,  pL  61,  figs.  1  a,  b.    (See 

BathyuroB  eztans  Hall.) 

notans  Billings,  1866 ;  Catalogne  Silorian  Foss.  Anticosti,  p.  25,  fig.  8. 

Compare  Asaphus  maximua  Locke. 

?  obtusus  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  24.  pL  4  W»,  fig.  14,  Chazy. 

obtusus  Emmons,  1855 ;  American  Geology,  vol.  2,  pt.  2,  p.  236,  pi.  3,  fig.  14. 

pelopa  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  317,  fig.  304.  Quebec 

platyoephalus  Stokes,  1823 ;  Trans.  Geol.  Soc.  London,  2d  series,  vol.  1,  p.  208, 

pi.  27.  Trenton. 

Syn.,  hoteluB  gigas  De  Kay,  1824 ;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p. 
176,  pi.  12,  fig.  1. 
Iaoielu$  planus  De  Kaj,  1824;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1, 

p.  178,  pi.  13,  fig.  7. 
AsaphuB  gigaa  DAlmsm,  1826;  Palcead.,  p.  70. 
Asaphus  gigas  and  planus  Dalman,  1826 ;  Palcead.,  p.  70. 
Isotelua  gigas  Green,  1832 ;  Monthly  Am.  Jour.  Geol.,  p.  560. 
Isolelus  gigas  Green,  1832 ;  Mon.  TriL  N.  A.,  p.  71,  cast  21,22. 
Isotelua  planus  Green,  1832;  Monthly  Am.  Joar.  GeoL,  p.  560;  Mon.  Tril.  N. 

A.,  p.  68,  cast  23. 
laotelus  stegops  Green,  1832;  Mon.  Tril.  N.  A.,  p.  71,  cast  26, 27. 
Brongniartia  isotdaa  Eaton,  1832 ;  Geological  Text  Book,  p.  33,  pi.  2,  fig.  22. 

platyoephalus  Bronn,  1835;  Lethsea  Geogn.,  vol.  1,  p.  115,  pi.  9,  fig.  8. 

Syn.,  Isotelua  gigas  Milne-Edwards,  1840 ;  Crust.,  vol.  3,  p.  298. 

platycephaluB  Bnckland,  1840 ;  Bridgw.  Treatise,  vol.  2,  p.  76,  pi.  63,  fig.  12. 

platyoephalus  Burmeister,  1844;  Org.  Trilobites,  p.  110,  pi.  2,  fig.  12  (Ray  Soc. 

ed.,  1846). 
Syn.,  Isotelua  gigaa  Portlook,  1843;  Geol.  Rept.  Londonderry,  p.  295,  pi.  7,  fig.  1; 
pL8,fig.l. 
laotelus  planua  Portlock,  1843 ;  Geol.  Rept.  Londonderry,  p.  295,  pi.  7,  figs. 

2.3. 
laotelua  gigaa  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  231,  pis.  60-63. 
Isotelua  gigaa  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  215,  pL  16,  fig.  12. 

—  [laotelus^  platyoephalus  Bronn  and  Roemer,  1851-^56;  Lethsea  Geogn.,  vol.  1, 

p.  632,  pi.  9,  fig.  8 ;  pi.  9»,  fig.  5. 
-• —  platyoephalus  Nieszkowaki,  1857 ;  Mon.  Sil.  Ostseeprovinz,  Tril.,  p.  37. 

Syn.,  laotelua  gigaa  Rogers,  1858 ;  Geol.  Survey  Pennsylvania, vol.  2,  p.  819,  fig.  610. 

platyoephalus  Billings,  1863 ;  GeoL  Survey  Canada,  p.  184,  fig.  183. 

Syn.,  Aaaphua  (laotelua)  gigaa  Salter,  1864 ;  Mon.  Brit.  Tril.,  p.  161,  pi.  24,  figs.  l-,^>; 
pL25,fig.  l(var.). 
Aaaphua  {laotelus)  gigaa  Salter,  1864;  Mem.  Geol.  Survey  United  Kingdom ^ 
deoade  xi,  pi.  3. 
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AsaphuB  platyoephaluB  Billings,  1870 ;  Quart.  Jour.  Geol.  Soc.  Lpudon,  voL  9^,  p. 
486,  pis.  31, :«. 
Syn.,  IboUIuh  gigas  Miller,  1874 ;  Cinoinnati  Qaart.  Jour.  Soi.,  vol.  1,  p.  138. 

platyleuruB  Green,  1837;  Am.  Jour.  ScL,  1st  series,  vol.  32,  p.  169.    (See  Dal- 

manltJa  platyleunia.) 

polypleuruB  Green,  1838;  Am,  Jour.  Sci.,  Ist  series,  vol.  34,  p.  380. 

qitadraticaiidatua  Billings,  1865;  Pal.  Poss.,  vol.  1,  p.  273,  fig.  258.  Quebec. 

roemiiigerl  Walcott,  1876 ;  28tli  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  96. 

Trenton. 

selenurua.    (See  Dalmanitea  aelenuma. ) 

atokeau    (See  Proetus  atokesl.) 

anase  Calvin ;  M88. 

auaae  Whitfield,  1882;  Geol.  Wisconsin,  voL  4,  p.  236,  pi.  5,  fig.  3;  pi.  10,  fig.  8. 

Trenton. 

tetragonocephalns  Green,  1834 ;  Am.  Jour.  Sci.,  1st  series,  vol.  25,  p.  136. 

tetragonocephalua  Green,  1835 ;  Suppl.  Mon.  Tril.  N.  A.,  p.  12,  cast  38. 

lParadoxide8'\  tetragonooephalua  Emmrich,  1839;  De  Tril.,  etc.,  p.  34.     - 

The  cast  issued  with  Dr.  Green's  monograph  as  No.  38  may  be  the  same 
species  which  Dr.  Emmons  afterwards  described  as  Atopa  trilineaius.  It  has 
about  sixteen  segments  in  the  thorax,  also  obscure  nodes  along  the  axis.  The 
head  shows  the  occular  ridges  of  a  Ptyohopariaf  whereas  the  segments  are  those 
characterictic  of  the  Oleni.    Tt  is  too  imperfect  for  generic  classification. 

trenionen$ie,    (See  Lichaa  trentonenalB. ) 

triangulatOB  Whitfield,  1880 ;  Ann.  Rept.  (Jeol.  Survey  Wisconsin,  1879,  p.  59. 

Trenton. 
This  species  is  the  Asaphua  hamalonotoides  of  the  Final  Report,  vol.  4,  p.  237, 
pi.  5,  fig.  4. 

?  trimblH  Green,  1837 ;  Acad.  Nat.  Soi.  Phila.,  Jour.,  vol.  7.  Niagara. 

trimblli  Green,  1837 ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  348. 

[ Ogygia  f  ]  vetuatua  Hall,  1847 ;  Pal.  N.  Y.,  vol.  1,  p.  227,  pi.  60,  fig.  1. 

Trenton  and  Hudson. 

?  [  Ogygial  vetuatua  Emmons,  1855 ;  Am .  Geology,  vol.  1,  pt.  2,  p.  216,  fig.  72. 

llsotelus']  vigilana  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  53. 

Hudson. 

lUoteltu}  vigilana  Meek  and  Worthen,  1875 ;  G^l.  Illinois,  vol.  6,  p.  491,  pi.  23, 

fig.  6. 

wiaoonaenaia  Walcott,  1876;  28th  Rept.  N.  Y.  State  Mus.  Nat.  Hist.,  p.  97. 

Trenton. 
Aspidolitea  Conrad,  1841 ;  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  48. 
Atops  Emmons,  1844 ;  Taconic  System,  p.  20. 
Type,  Atops  irilineatus  Emmons. 

txiliifeatua  Emmons  1844 ;  Taconic  System,  p.  20,  fig.  1,  pi.  2,  fig.  3.        Taconic. 

trilineatua  Emmons,  1847;  Nat.  Hist.  New  York,  Agriculture,  vol.  1,  p.  64,  fig.  8, 

Rl.  14,  fig.  3. 
Syn.,  Calymcne  heokii  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  252,  pi.  67,  figs.  4  a-4  e 
(not  CalytMne  heokii  Green,  or  Atopa  trilineatuB  Emmons). 

trilineatua  Haldeman,  1848 ;  Am.  Jour.  Sci.,  2d  series,  vol.  5,  p.  107. 

txUineatua  Emmons,  1849;  Proc.  Am.  Assoc.  Adv.  Sci.,  1st  Meeting,  Phila..  1848, 

pp.  16, 17. 
Syn.,  Calymene  heckii  Fitch,  1849 ;  Trans.  Agric.  Soc.  New  York,  vol.  9,  p.  865 
(not  Calymene  heckii  Green). 

trilineataa  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  115,  pi.  1,  fig.  16. 

8yn.,  Aiopa  punotatu$  Emmons,  1860;  Manual  Geology,  p.  83,  fig.  71;  also  p.- 
380. 
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Atops  trilineatos  Barrande^  1861 ;  BalL  Soo.  G^l.  France,  2d  series,  toI.  18,  p.  269, 
pLB,fig.l. 

trilineatua  Barrande,  1861 ;  Boll.  Soo.  G^l.  France,  2d  series,  voL  18,  p.  271,  pL 

5,  fig.  3. 

lConoC9pkalite9  (Atopt)'}  trilineatos  Ford,  1871 ;  Am.  Joar.  Sci.,  3d  series,  vol. 

2,  p.  33. 

[Ckmocephalites']  trilineatua  Ford,  1873 ;  Am.  Jour.  Soi.,  3d  series,  voh  6,  p.  135. 

lCenocepkaHi€8  (Atopa)']  trilineatua  Ford,  1879;  Am.  Joni.  Soi.,  3d  series,  yol.  9, 

p.  205. 

ITriarthrus'i  trilineatua  Miller,  1877 ;  Catalogue  Am.  Pal.  Foss.,  p.  223. 

[Conocoryphe]  trilineatua  Ford,  1880;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  152. 

Syn.,  Triarikrus  htfila  Waloott,  1879;  Traus.  Albany  Inst.,  vol.  10,  p.  23. 

iPtyoopoHa]  trilineatua  Waloott,  1886;  BaU.  U.  S.  Geol.  Survey,  No.  30,  p.  203, 

pi.  27,  fig.  1  a-c. 

[Conoooryphe[  trilineatua  Waloott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p. 

197,  pLl,  fig.  7a,b. 
BailieUa  Biatthew,  1884 ;  Trans.  Royal  Soc.  Canada,  vol.  1,  p.  124  (used  as  a  subgenus 

to  Conooorypke  (BailieUa)  Bailed). 
Barrandia  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  115  (not  JBor- 
randia  McCoy).    (See  Olenellua.) 

thampsoni.    (See  Olenellua  thompaoni.) 

vermontana,    (See  Olenellua  vermontana  and  Mesonaaia  vermontana. ) 

Biurandia  McCoy,  1849;  Annals  Nat.  Hist.,  2d  series,  vol.  4,  p.  409. 
T3rpe,  Barrandia  oordai  McCoy. 

?  mcooyi  Waloott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  96, 

pi.  12,  fig.  5.  Pogonip. 

Bathynotua  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  117. 
Type,  Baihynotu9  hohpyga  Hall. 

[Peltwa  (Ofenti«)]  holopyga  Hall,  1859;  12th  Rept.  New  York  State  Cab.  Nat 

Hist.,  p.  61,  figure. 

IPelHra  (Ofenut)]  holopyga  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  528,  figure. 

Syn.,  Paradoxidesf  fiuadriapinosua  Emmons,  1860;  Manual  Geology,  p.  80,  fig.  57. 
Paradoxides  {Pagura)  qundriapinosui  Emmons,  1860;  Manual  Geology,  p. 
280,  fig.  57. 

holopyga  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  118,  figure. 

holopyga  Hall,  1861 ;  Geol.  Vermont,  vol.  1,  p.  371,  pi.  13,  ^g,  3. 

IPeliura  {Olvnus)']  holopyga  Barrande,  1861 ;  Bull.  Soc.  G6ol.  France,  2d  series, 

vol.  18,  p.  278,  pi.  5,  figs.  9, 10. 

holopyga  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  191,  pi.  31,  figs. 

1-1  a.  Middle  Cambrian. 

BathyurelluB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  262. 

abruptua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  263,  fig.  247.  Quebec. 

[A9aphi8cm'\  bradleyi  Meek.    (See  Asaphiaoua  bradleyi.) , 

ezpanauB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  318,  figs.  306  a,  b.  Quebec. 

Compare  B.  niiidus  and  B,  marginatua  Billings. 

formoBua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  265,  fig.  250.  Quebec. 

fratemua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  267,  fig.  251.  Quebec. 

The  head  of  this  species  may  belong  to  Salter's  genus  Siygina. 

litoreus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  320.  Quebec 

marginatuB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  263,  fig.  248.  Quebec. 

Compare  B,  nitidn$  and  B.  expamue  Billings. 

nitidua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  265,  fig.  249.  Quebec. 

On  page  320  Mr.  Billings  says  that  it  may  be  found  necessary  to  unite  B, 
nitidus,  B,  marginaUu,  and  B,  expansua  into  one  polymorphic  species. 
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BathyurellttB  rams  Billings,  1865;  Pal.  Fo8s.,'vol.  1,  p.  320,  no  figure.  Quebec. 
IDikeloeephalua]  truncatus  Meek,  1873;   6tb  Ann.  Rept.  Geol.  Survey  Terri- 
tories, p.  465  (no  description  given). 

validus  Billings,  1865;  Pal.  Foss^  vol.  1,  p.  268,  fig.  252.  Quebec. 

lAsapMactts']  wheeleri,    (See  Asaphiscos  'vrheeleri.) 

BathyuiiscuB  Meek,  1873 ;  6th  Ann.  Rept.  U.  S.  Geol.  Survey  Territories,  p.  484. 
IBathyurmf^  haydeni  Meek,  1873;  6tb  Ann.  Rept.  U.  S.  Geol.  Survey  Terri- 
tories, p.  483.  Potsdam. 

haydeni  Walcott,  1886;  Bull.  U.  8.  Geol.  Survey.  No.  30,  p.  215. 

howelli  Walcott,  1886 ;  Boll.  U.  S.  Geol.  Survey,  No.  30,  p.  216,  pi.  30,  figH.  2, 2  a. 

Middle  Cambriau. 
Syn.,  Emholimus  rotundaiu8  (Rominger)  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series, 
vol.  36,  p.  165,  referred  to  Baihyuriacus  howelli. 

lOgygia']  produota  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol. 

4,  p.  244,  pi.  2,  figs.  31-34.  Middle  Cambrian. 

lOgygia;\  producta  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  voL 

4,  p.  245,  pi.  2,  fig.  35. 

producta  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  217,  pi.  30,  figs.  1, 

1  a-c. 
Batiiynrua  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  364. 
Type,  Bathyurua  extana  Hall. 

amplimarginatua  Billings,  1857 ;  Canadian  Naturalist,  vol.  4,  p.  365,  fig.  12  a,  b. 

Calciferous. 

amplimargiiiataa  Billings,  1863 ;  Creol.  Canada,  p.  122,  fig.  41. 

amplimarginatus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  341  a. 

angelini  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  467,  fig.  37.  Chazy. 

angelini  Billings,  1863 ;  Geol.  Canada,  p.  133,  fig.  68. 

aronatUB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  205,  fig.  190.  Quebec, 

armatos  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  23. 

armatus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  411,  fig.  392. 

armatos  Walcott,  1879 ;  32d  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  131. 

LDarypyget]  armatus  Vogdes,  Bull.  U.  S.  Geol.  Survey  No.  63  (this  bulletin). 

bituberonlatus  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  22;  also 

Geol.  Canada,  1863,  p.  238,  fig.  270.  Quebec. 

bitnberculatns  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  410,  fig.  391. 

If  this  species  is  correctly  represented  by  Mr.  E.  Billings  it  can  not  bo  in- 
ohided  within  the  limits  of  Bathyurua,  As  we  know  of  no  other  to  which  it 
bears  a  resemblance,  the  new  generic  term  of  Lloydia  is  proposed,  in  honor  of 
the  first  author  on  Trilobites,  Edward  Lhwyd.  Diagnosis:  Glabella  tumid 
and  extending  to  the  froutal  limb ;  basal  lobes  elongate-oval,  pointed  at  both 
ends,  separated  from  the  glabella  by  shallow,  obscure  grooves ;  eyes  opposite 
the  mid  length  of  the  glabella ;  thorax  unknown. 

breviceps  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  262,  fig.  246.  Quebec. 

capaz  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  318,  fig.  20.  Quebec. 

capaz  Billings,  1863;  Geol.  Canada,  p.  238,  fig.  271. 

capaz  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  409,  fig.  389. 

A  similar  species  was  referred  by  Mr.  R.  P.  Whitfield  (Geol.  Survey  Wiscon- 
sin, vol.  4,  pi.  4,  fig.  6)  to  Dicellocephalua. 

oandatus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  261,  fig.  245.  Quebec. 

conicus  Billings,  1859;  Cauadian  Naturalist,  vol.  4,  p.  366,  fig.  12 d.    Calciferous, 

conicus  Billings,  1863;  GeoJ.  Canada,  p.  122,  fig.  42. 

oooicas  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  341  b. 

conicus  Whitfield,  1889 ;  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  2,  No.  2,  p.  61,  pi.  13, 

figs.  15-21. 

Ball.  63 7  ^  T 
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Bathyums?  congeneris  Waloott,  1884;  Pal.  Eareka  Dist.,  Mod.  U.  S.Geol.  Survey, 

vol.  8,  p.  02,  pi.  12,  fig.  a  Pogonip. 

cordai  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  26.       Calciferoas. 

oordai  Billings,  1863;  Oeol.  Canada,  p.  238,  fig.  269. 

cordai  BUlings,  1865 ;  Pal.  Foae.,  vol.  1,  p.  259,  fig.  242;  p.  412,  fig.  395. 

Compare  this  species  with  typical  Solenopleura. 
?  orotalifrons  D wight,  1884;  Am.  Jour.  Sci.,  3d  series,  vol.  27,  p.  253,  figs.  4, 

4  a,  5,  6.  Calciferoas. 

oybele  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  366,  fig.  12  c.    Calciferous. 

cybele  Billings,  1863 ;  Geol.  Canada,  p.  122,  Gfr,  43. 

■ oybele  BiUings,  1865;  Pal.  Foes.,  vol.  1,  p.  352,  fig.  341c. 

dnbina  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  319,  fig.  21.  Quebec. 

dubiua  Billings,  1865;  Pal.  Foes.,  vol.  1,  p.  410,  fig.  390. 

lAaaphuat]  extans  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  228,  pi.  60,  figs.  2a-c. 

Trenton^ 
lAsapkua  f ]  eztanfl  Hall,  1850 ;  3d  Bept.  New  York  State  Cab.  Nat.  Hist.,  p.  174, 

pi.  3,  figs.  1  a-o. 
Syn.,  Aaaphua  nodo8triatu9  Hall,  1850 ;  3d  Kept.  New  York  State  Cab.  Nat.  Hist., 
p.  175. 

extans  Billings,  1863;  Geol.  Canada,  p.  153,  fig.  114. 

gregaxius  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  363.  fig.  349.  Potsdam. 

Mr.  Waloott  (Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  :i6)  refers  this  species  to 

the  genus  J^lmopleura  Angelin,  and  remarks  that  many  of  the  Cambrian  species 

of  the  genus  Batkyurns  described  in  the  Canadian  reports  might  be  referred  to 

that  genus. 

f  haydeni,    (See  Bathynriaoiia  haydeni.) 

longiBplnas  Walcott,  1876 ;  28th  Kept.  N.  Y.  State  Cab.  Nat.  Hist.,  p.  94. 

Trenton. 

minganensia  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  353.  Calciferous. 

nero.    (See  Solenopleura  nero  (Billings)  Waloott.) 

oblongos  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  25.        Quebec. 

oblongus  Billings,  1865;  Pal.  Foss.,  vol.  I,  p.  412,  fig.  394. 

parvulua  Billings,  1861;  Oeol.  Vermont,  vol.  2,  p.  952,  fig.  361. 

parvulus  Billings,  1861 ;  Pal.  Foss.,  Bull.  Oeol.  Sur.  Canada  p.  16,  fig. 21. 

Potsdam. 

parvulua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  16,  fig.  21. 

perplezus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  364,  fig.  350.  Potsdam. 

perspicator  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  205,  fig.  191.  Quebec. 

pogonlpenaia  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p. 

243,  pi.  1,  figs.  33,34.  Cambrian. 

quadratus  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  27.      Quebec. 

quadratus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  412,  fig.  396. 

aaffordi  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  321,  fig.  24.  Quebec. 

aaffordi  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  259,  fig.  341 ;  p.  411,  fig.  393. 

seelyl  Whitfield,  1886 ;  BuU .  Am.  Mus.  Nat.  Hist..  New  York,  vol.  1,  No.  8,  p.  339, 

pi.  3:^  figs.  12-18.  Birdseye. 
seelyl  Whitfield,  1889 ;  Bull.  Am.  Mus.  Nat.  Hist. .  New  York.  vol.  2,  No.  2,  p.  62, 

i)l.  13,  figs.  8-14. 

aeneotua  Billings,  1861 ;  Bull.  Geol.  Sur.  Canada,  p.  16.  Potsdam. 

aeneotua  Billings,  1861 ;  Geol.  Vermont,  vol.2,  p.  953,  figs.  359,360. 

aeneotua  Billings,  1863 ;  Geol.  Canada,  p.  286,  figs.  298  a,  b ;  Pal.  Foss.,  vol.  1,  p. 

16  (1865),  figs.  19,20. 
Beferred  to  Protypus  Beneotus  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30. 

p.  213,  pi.  31,  figs.  2,  2  a-o. 
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Bathynms  serratus  Meek,  1873 ;  6th  Anu.  Rept.  U.  S.  Geol.  Survey  Territories,  p. 

480.  Potsdam. 
?  aimliUmas  Walcott,  1884 ;  Pal.  Earcka  Dist.,  Mon.  U.  8.  Geol.  Survey,  vol.  8,  p. 

93,  pi.  12,  fig.  11.  Pogonip. 

smithi  Billings,  1863;  Geol.  Canada,  p.  153,  fig.  115.  Trenton. 

smithi  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  56. 

solitaricus-fiillings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  362.  Qnebeo. 

lAcidaspiBl  apiniger  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  241,  pi.  64,  fig.  5. 

Trenton. 

stonemani  Vogdes,  1884 ;  12th  Ann.  Rept.  Geol.  Nat.  Hist.  Minnesota,  p.  8. 

Trenton. 

strenuus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  204,  fig.  188.  Qnebeo. 

tauiifrons  Dwight,  1884 ;  Am.  Jour.  Sci.,  3d  series,  vol.  27,  p.  252,  pi.  7,  figs.  1-3. 

Caloiferons. 

timon  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  261,  ^g,  244.  Qnebeo. 

?  tuberotilatus  Wi^cott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8,  p.  12,  fig.  9.  Pogonip. 
vetula  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  365.                                        Potsdam. 

lAgraulo9  (Bathywusf)'\  woosteri  Whitfield,  1878;  Ann.  Rept.  Geol.  Survey 

Wisconsin,  p.  56.  Potsdam. 

lAgrauloi  (Bathtfurus  t)'i  woosteri  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p. 

'189,pl.l,  figs.  19-21. 
Bohemilla  Barrande,  1872;  Syst.  Sil.  Bohdme,  Snppl.,  vol.  1,  p.  137. 

Type,  Bohemilla  stupenda  Barrande. 
Brongniartia  Eaton,  Am.  Jour.  Sci.,  1st  series,  vol.  22,  p.  166,  and  Geol.  Text-Book,  p. 
32  (Syn.,  A$aph%8  in  part),  not  Brongniartia  Salter  (subgenus  Hofnalonoius), 

oaroinoidee  Eaton.     (See  Triarthms  becki.) 

iBoUtea,    (See  Asaphus  platyoephalus.) 

platgcephus  Eaton.    (See  Homalonottia  delphinocephalns. ) 

Brachyxnetopiis  McCoy,  1847;  Ann.  Nat.  Hist.,  vol.  20,  p.  220. 
Type,  Braohifmeiopus  maocoyi  Portlook. 

IPhiUipdia  (Griffiihide8)-i  lodiensis  Meek,  1875;  Pal.  Ohio,  vol.  2,  p.  323,  pi.  18, 

fig.  3.  Waverly. 

lodiensis  Vogdes,  1888;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  102. 

IPkilUpsia  (Braohymetopus)'i  omata  Hall.    (See  Cyphaspis  omata.) 

Brontans  Goldfuss,  1^;  Beitrage  Petrefactenknnde,  Nova  Acta  Physico-Med.,  vol. 
19,  p.  360,  pi.  33,  fig.  3. 
Type,  Bnmteus  flaMH/era  Goldfuss. 
Syn.,  Goldius  De  Koninck,  1841 ;  M€m.  Cmst.  Foss.  Belgique,  p.  5. 

acamas  Hall,  1865;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  332,  pi.  21, 

figs.  19,20.  Niagara. 

aoamas  HaU,  1870 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  422,  pi.  21, 

figs.  19,20  (rev.  ed.). 

barrandi  HaU,  1859;  Pal.  New  York,  vol.  3,  p.  350,  pi.  63,  figs.  1-4. 

Lower  Helderberg. 

canadensis  Logan,  1844 ;  Geol.  Canada,  p.  54, 2  figs.  Lower  Helderberg. 

insnlaris  Billings,  1866;  Catalogue  Sil.  Foss.  Antioosti,  p.  66. 

laphami  Whitfield,  1878;  Anu.  Rept.  Geol.  Survey  Wisconsin  (1877),  p.  88. 

Niagara. 

laphami  Whitfield,  1882 ;  Geol.  Wisconsin,  voL  4,  p.  310,  pi.  22,  figs.  1-4. 

lonatus  Billings,  1857;  Geol.  Canada,  p.  338.  Trenton. 

Innatos  Billings,  1863;  Geol.  Canada*  p.  188,  fig.  187. 

?  niagarensis  Hall,  1852 ;  Pal.  New  York,  vol.  3,  p.  314,  pi.  70,  fig.  3.        Niagara. 
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Bronteus  oocasus  Winohell  and  Maroyi  1866;  Mem.  Boston  Soo.  Nat.  Hist.,  vol.  1, 

p.  104,  pi.  3,  fig.  12.  Niagara. 
oocaaus  ( Wincbell  and  Maroy )  Hall,  1867 ;  20tli  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  400. 

pompiliua  Billings,  1863;  Proc.  Portland  Soo.  Nat.  Hist.,  p.  123,  pL  1,  fig.  25. 

Upper  Silurian. 

tulUus  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  12,  pi.  8,  figs.  34-36.         Hamilton. 

Biunastua  Mnrcbison,  1839 ;  Sil.  Syst.,  p.  656.    Snbgenns,  Illcmu$* 
Calymena  Brongniartt  1822 ;  Crnst.  Fos.,  p.  9. 
Type,  Calymene  iuberoulala  Biinniob,  1781. 
Syu.,  Prionocheiluif  Renault,  BuU.  Soo.  G^L  France,  vol.  4,  1846,  p.  309. 

anchiop$.    ( See  Dalmanites  anohic^a. ) 

heokii,    ( See  Trlarthma  beoki. ) 

blumenbaohi  Brongniart,  1822;  Cmst.  Foss.,  p.  11,  pi.  1,  figs.  1  a-^ 

blumenbaohi  Barrande,  1862;  Syst.  SiL  Bohdme,  pis.  19  and  45. 

blumenbaohi  Salter,  1863;  Mon.  Brit.  Trilobites,  pi.  8,  figs.  7-11,  13-16;  pL  9, 

fig.  L 
This  species  should  take  the  older  name  of  CaljfmeM  tubereulata  Biinnich. 

blumenbaohi  (Green)  not  Broug.,  Mon.  Tril.  N.  A.^  p.  28,  oast  1. 

blumenbaohi  ?  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  100,  pi.  13,  fig.  25. 

hucklandi.    (See  Ceraurua  pleurexanthua  Green.) 

hufo.    (See  Phaoopa  bufo  Green.) 

1^0  var.  rana.    (See  Phaoopa  rana  Green.) 

oallicephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  30,  cast  2. 

oallioephala  Burmeinter,  1843 ;  Org.  Trilobiten,  p.  83,  pi.  2,  figs.  9^10  (Ray  Boo. 

ed.). 
oallioephala  Miller,  1882 ;  Jonr.  Cincinnati  Soc.  Nat.  Hist.,  vol.  5,  p.  117,  pL  5, 

fig.  8. 
The  cast  of  this  species  (from  a  dark  yellowish  limestone  of  Hampshire 

County,  Virginia),  issned  with  Dr.  Green's  monograph,  exhibits  a  Calymene 

with  a  broad  frontal  margin.    The  other  specimens  referred  to  by  Dr.  Green 

from  Ohio  and  Indiana  are  species  of  the  well-known  CalymeM  aenaria  Conrad. 

camerata  Conrad,  1842;  Jonr.  Acad.  Nat.  Sci.  Pbila.,  vol.  8,  p.  278.       Niagara. 

oamerata  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  337,  pi.  78,  figs.  10  a-f. 

ohriatyi  Uall,  18G0;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  119^ 

Hudson. 
ohriatyi  Hall,  1862 ;  15th  Rept  New  York  State  Cab.  Nat  Hist.,  pi.  10,  figs.  1, 2, 

and  5. 

ohriatyi  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  107,  pi.  4,  figs.  13-15. 

ohriatyi  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  141. 

IHemiorypturis']  olintoni  Vanuxem,  1842;  Geol.  New  York,  3d  Geol.  Dist.,  p.  79, 

fig.  3;  also  p.  80.  Clinton. 

olintoni  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  298,  pi.  66  a,  figs.  5  a-d. 

olintoni  Rogers,  1858 ;  Geol.  Survey  Pennsylvania,  vol.  2,  p.  823,  fig.  637. 

olintoni  Vogdes,  1880;  Proc.  Acad.  Nat  Sci.  Phila.,  p.  178,  figs.  3,4  (not  fig.  3). 

clintoni  Vogdes,  1886;  Des.  New  Species  Foss.  Cmst.  Clinton  Group,  p.  5,  figs.  3, 4. 

(See  Calymene  Togdeaii  Foerste.) 

oonradi  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  236.  Hudson. 

crassimarginata.    (See  Proetua  oraaaimarginata.) 

diopa  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  :J7,  pi.  1,  fig.  2,  cast  8  (Proetus  diojw). 

macrophthalma  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  39,  cast  9.   (See  Phaoopa  bulb. ) 

mamillata  Hall,  1861 ;  Geol.  Wisconsin,  p.  50.  Trenton. 

mamillata  Hall,  1862;  Geol.  Wisconsin,  vol.  1,  p.  432,  figs.  1,2. 

marginatus.    (See  Proetua  marginatua.) 
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Calymene  znicropa  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  34,  cast  6. 

multicosta  Hall,  1847;  Pal.  New  York,  vol.  l,p.  228,  pi.  60,  fig.  3.         Trentou. 

nasuta  Ulrich,  1879;  Jour.  Cincinnati  8oc.  Nat.  Hist.,  vol.  2,  p.  131,  fig.  3. 

Niagara. 

niagarensia  Hall,  1843;  Geol.  New  York,  4th  Dlst.,  p.  102,  fig.  3  (on  p.  101). 

Niagara. 

llumenbtu^ii  var.  niagarensis  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  307,  pi.  67, 

figs.  11,12. 

: hJumeHhachii  Roemer,  1860;  Sil.  Fauna  W.  Tenn.,  p.  79,  pi.  5,  fig.  22. 

niagarensifl  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  153,  pi.  7,  figs.  14, 15. 

niagarensia  Hall ;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  334 ;  revised 

edition,  p.  425. 

niagarensia  Hall,  1876;  Illus.  Devon.  Foss.  Crastacea,  pi.  1,  ^g.  10. 

niagarensia  Hall,  1879 ;  28th  Kept.  N.  Y.  State  Mus.  Nat.  Hist.,  p.  187,  pl.32,  figs. 

8-15. 

niagarensis  Hall,  1883;  11th  Ann.  Rept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  331. 

pi.  34,  figs.  8-15. 
Compare  C.  brevioapitata  (Portlock)  McCoy;  Brit.  Pal.  Foss.,  pi.  1  F,fig.4. 

nupera.    (See  Phacops  nupera.) 

odoniooephala,    ( Sjn . ,  Dalmanites  $elenu8. ) 

phlyotainodes  Green,  1837 ;  Ana.  Jonr.  Sci.,  Ist  series,  vol.  32,  p.  167. 

Dr.  Green  compares  this  species  with  Encrinurus  variolaris, 

platyv  Green,  1832;  Mon.  Tril.  N.  A.,  p.  32,  casts  4,5.  Upper  Helderberg. 

platys  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  54. 

platya  HaU,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  82. 

platya  Hall,  1876;  Illus.  Devon.  Foss.  Crastacea,  pi.  1,  figs.  1-9. 

platya  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  1,  pi.  1,  figs.  1-9;  pi.  25,  figs. 

1,2. 

rana,    ( See  Phaoopa  rana  Green . ) 

rostrata  Vogdes,  1879 ;  Am.  Jonr.  Sci.,  3d  series,  vol.  18,  p.  477.  Clinton. 

rostrata  Vogdes,  1880;  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  176,  figs.  1,2. 

rostrata  Vogdes,  1886 ;  Des.  New  Species  Foss.  Crust.  Clinton  Group,  p.  2,  figs. 

1,2. 

rawi,    (See  Phaoopa  rowi  Green.) 

mgoaa  Shumard,  1855;  Ist  and  2d  Repts.  Geol.  Missouri,  p.  200,  pi.  B,  fig.  14. 

Lower  Helderberg. 

seleneeephala,    (See  Calymene  senaxla  Conrad.) 

senarla  Conrad,  1841 ;  4th  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Snrvey,  p.  49. 

Trenton. 

senarla  Emmons,  1842;  Geol.  New  York,  2d  Geol.  Dist.,  p.  390,  fig.  2. 

Syn.,  aelenec^hala  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  31,  cast  3. 

Uumenhachii  Green,  1832;  Mon.  Tril.  N.  A.,  p.  28,  cast  1.    (Not  pf  Bron- 

gniart.) 
callieephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  31.    (Specimens  from  Ohio 

and  Indiana  only.) 
hrevicapitaia  Salter,  1848 ;  Mem.  Geol.  Surv.  United  Kingdom,  vol.l^,  p.  341, 
pi.  11,  figs.  1, 2.    (Not  of  Portlock,  1843 ;  Geol.  Rept.  Londonderry,  etc., 
p.  286,  pi.  3,  fig.  3.) 
hrevicapitaia  (Portlock)  Salter;  Mem.  Geol.  Surv.  United  Kingdom,  vol.3, 

pi.  17,  figs.  11,  12.    (Not  of  Portlock.) 
fordpata  (McCoy)  Salter;  Palseon.  Soc.  London,  vol.  17,  p.  97.    (Not  of 
McCoy,  Sil.  Foss.  Ireland,  pi.  4,  fig.  14.) 

' senarla  Emmons,  1855 ;  Am.  (Geology,  vol.  1,  pt.  2,  p.  213,  pi.  16,  fig.  9. 

I senarla  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  238,  pi.  64,  figs.  3  »-n. 
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Calymene  Ihlumenhachu]  var.  ftenariaHall,  1J^52;  Pal.  New  York,  vol.  2,  p.  299,  pi. 
66  fkj  flgb.  6  a-6.  Cliutoii. 

Benaria  var.  blumeubachii  Salter,  1865;  Mou,  Brit.  Tril.,  p.  97,  pL  9,  figs.  6-10(not 

figs.  7, 8,  Califmene  brevicapitata  Portlock). 

Benaria  Meek,  PaL  Ohio,  vol.  1,  p.  173,  pi.  14,  figs.  14  »-f. 

oenaxia  Miller,  1874 ;  CiDcinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  140. 

Syn.,  eallicepkala  (Green)  Miller,  1877 ;  Catalogue  Am.  Pal.  Foss.,  p.  213. 

senaria  White,  1880;  2d  Aud.  Rept.  Dept.  Statistics  GeoL  ludiaoA,  p.  493,  pi.  2, 

,      figs.  1,2. 

Syn.,  callioephala  (Green)  Miller^  1882;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  voL  5, 
p.  117,  pi.  5,  fig.  8. 

Benaria  Walcott,  1887 ;  Notes  on  Some  Sections  of  Trilobites.  pi.  1. 

senaria  Walcott,  1884 ;  Science,  March  7, 1884,  vol.  3,  p.  201,  figs.  2, 3. 

^pinifera  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol. 8, p. 277. 

Compare  CyphtupU  girardsavenais. 

tritulcata,    (See  Phaoops  triBulcata.) 

TOgdesii  Foerste,  1887;  BuU.  Denison  Univ.,  vol.  2,  p.  95,  pi.  8,  figs.  12-16. 

Clinton. 

f  hlumenbaM  Foerste,  1886 ;  Bull.  Denison  Univ.,  vol.  1,  p.  190,  pL  13,  fig.  24. 

Syn.,  cHntoni  Vogdes,  1882 ;  Proc.  Acad.  Nat.  Sci.  PhUa.,  i*.  178,  fig.  3  (not  fig.  4). 
cHnUmi  Vogdes,  1886^  Des.  New  Species  Foss.  Crust.  Clinton  Group,  p.  5, 
fig.  3  (not  fig.  4). 
Ceratocephala  Warder,  1838.    (See  AoidaapiB.) 

oeralepia  Anthony.    (See  AoidaBpls  ceralepta.) 

goniata  Warder,  1838 ;  Aju.  Jour.  Sc,  1st  series,  vol.  34,  p.  378,  figure. 

Ceratx>lichaB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xl.    Subgenus  IAcha$, 
CeranruB  Green,  1832 ;  Monthly  Am.  Jour.  GeoL,  voL  I,  p.  560,  pi.,  fig.  6 ;  Mon.  Tril. 

N.  A.,  p.  83,  cast  33,  pL,  fig.  10. 
CerauruB  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  242. 

Syn.,  Otarion  (in  part)  Zenker,  1833;  Beitrage  Nat.  Urwelt,  p.  44. 

Arges  (in  part)  Goldfuss,  1843;  Neues  Jahrbnch  fUr  Mineral.,  p.  5. 

Cypkaspia  (in  part)  Burmeister,  1843,  Org.  Trilobiten,  p.  104. 

Amphion  (in  part)  Portlock,  1843;  Geol.  Survey  Londonderry,  etc,  p.  272. 

Cyphaspis  (in  part)  McCoy,  1846;  Sil.  Foss.  Ireland,  p.  44. 

Cheirurua  Beyrichy  1846 ;  Unters.  Trilobiten,  etc.  II,  p.  3. 

Eccoptochile  Corda,  1847 ;  Prodr.,  p.  245. 

Actinopeltes  Corda,  1847 ;  Prodr.,  p.  247. 

Crotalocephatus  Salter,  1853 ;  Mem.  Geol.  Survey  United  Kingdom,  decade 

7,  pi.  2,  p.  10. 
Cyrtometopus  Augelin,  1854;  Pal.  Scand.,  p.  32. 
Sphceroooryphe  Angelin,  1854 ;  Pal.  Scand.,  p.  65. 
Faeudophceroxochm  Schmidt,  1881 ;  Rev.  Baltic  Sil.  TrlL,  p.  130. 
Nieazkowak-ia  Schmidt,  1881 ;  Rev.  Baltic  Sil.  Tril.,  p.  130. 
Type,  Ceraurua  pleurexanthemua  Green. 

IChairurua']  appoUo  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  322,  fig.  28. 

Quebec. 

ICheirurua]  appollo  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  413,  fig.  397. 

ICheirurua']  bimucronatua  (Murch.)  Roemer,  Die  sil.  Fauna  W.  Tenn.,  p.  80,  pi.  5, 

fig.  19,  not  of  Murohisou.    (See  CeraoniB  niagarensis  Hall.) 

croaottia  Lock.    (See  AcidaBpia  croBOtuB.) 

[Cheirurua]  eryz  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  322,  fig.  .30. 

Quebec. 

ICheirurua]  eryx  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  413,  fig.  399. 

ICheirurua]  glaucuB  Billings,  1865 ;  Pal.  Foss.,  voL  1,  p.  323,  tig.  308.  Quebec. 
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Ceraiirus  [  Cheirurusi  icarus  BillingH,  I860 ;  Canadian  Naturalist,  vol.  5,  p.  67,  fig.  14. 

Hudson. 

iCketmrus]  icarus  Billings,  1868;  GtM)l.  Canada,  p. 219,  fig. 231. 

icarus  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  162,  pi.  14,  tig.  11  a,  b,  c. 

icarus  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,vol.  I,p.l33. 

lCh€irurus'\  insignis  (Beyriob)'Hall,  1862;  Pal.  New  York,  vol.  2,  p.  300,  also 

p.  306,  pi.  67,  figs.  9. 10. 
Not  of  Beyrich,  1845;  Ueber  einige  bobm.  Tril.,  p.  12,  pi.  1,  fig.  1, 

tMlgnis,    (See  Ceraurus  niagarensis  Hall.) 

mercurius  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  285,  fig.  272.  Quebec. 

niagarensis  Hall,  1867  ;  20tb  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  376,  pi. 

21,  fig.  10. 
— -  niagarensis  Hall,  1870;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.  (2d  ed,),  p. 
427,  pi.  21,  figs.  10,  11. 
Syn.,  /^hcerexQohus  romingerit  Hall ;  Doc.  Ed.  2Sth  Kept.  New  York  State  Mus. 
Nat.  Hist. 
Explanation  of  pi.  32,  fig.  16  (erroueons  reference). 

ICheirurus^  niagarensis  Hall,  1879 ;  2«th  Kept.  New  York  State  Mus.  Nat.  Hist., 

p.  189,  pi.  32,  fig.  16. 
Syn.,  Cheirnrus  himucronattis  (Mnrch.)  Roemer;  Die  sil.  Fauna  W.  Tenn.,  p.  80, 
pi.  5,  fig.  19. 

niagarensis  Hall,  1882;  12th  Ann.  Rept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  335, 

pi.  34,  fig.  16;  pi.  33,  fig.  10. 

lCheimru9'\  numitor  Billings,  1866 ;  Catalogue  SIL  Fobs.  Anticosti,  p.  27,  fig.  11. 

Hudson. 

[Cftctninw]  nuperus  Billings,  1866 ;  Catalogue  Sll.  Foss.  Anticosti,  p.  61,  fig.  20. 

Anticosti. 

iCkeirurus'i  perforator  Billings,  1865;  Pal.  Foss.,  vol.  I,  p.  287,  fig.  275. 

Quebec. 

pleurexanthemus  Green,  1832;  Monthly  Am.  Jour.  Oeol.,  vol.  1,  p.  560,  p]., 

fig.  10.  Trenton  and  Hudson. 

pleurexanthemus  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  84,  fig.  10,  pi.  1,  cast  33. 

Syn.,  CaUfmene  Imcklandi  Anthony,  1838;  Am.  Jour.  Scl.,  Ist  series,  vol.  36,  p. 
106,  figs.  1,2. 

pleurexanthemus  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  242,  pi.  65,  figs.  1  a>n ; 

pi.  66,  figs.  1, 1  h. 

pleurexanthemus  Emmons,  1855 ;  Am.  Geology,  vol.  1,  p.  217,  pi.  15,  figs.  1  a-k. 

IChehurus^  pleurexanthemus  Billings,  1863;  Geol.  Canada,  p.  188,  fig.  188. 

pleurexanthemus  Miller,  1874  ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  132. 

pleurexanthemus  Walcott,  1875;  Annals  Nat.  Hist.  New  York,  vol.  11,  p.  15.5, 

pi.  11. 

pleurexanthemus  Walcott,  1881 ;  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol. 

8,  p.  211,  pi.  5,  figs.  1-6. 

[  Cheirurus^  polydorus  Billings,  1865 ;  Pal.  Foss. ,  vol.  1,  p.  286,  fig.  274.     Quebec. 

lCkeirurus'\  pompilius  Billings,  1865;  Pal. Foss., vol.1, p.  181, fig.  162. 

Chazy  and  Hudson.  « 

[  Ckeimru8'\  prolificus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  285,  fig.  273 ;  p.  325,  fig. 

311.  Quebec. 

?  pustulosa  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  246,  pi.  61,  fig.  2  a-h. 

Trenton. 

rams  Walcott,  1877 ;  Advanced  sheets  3l8t  Rept.  New  York  State  Mus.  Nat. 

Hist.,  p.  15.  Trenton. 
rarus  Walcott,  1879 ;  3lsi  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  68. 

lOheirums}  satynis  Billings,  1865 ;  Pal. Foss.,  vol.  1, p. 324, fig. 309.  Chazy. 
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CerauruB  [Cheirurua]  aol  Billings,  1865 ;  PaL  Foes.,  voL  1,  p.  288, 15g.  276.        Quebec. 

L  Cheirurus-]  soUtarius  Billings,  1865 ;  Pal.  Fobs. ,  vol.  1,  p.  206.  Qaeboc. 

f  Chfirurus]  tarqoiniua  Billings,  1863 ;  Proc.  Portland  Soc.  Nat.  Hast.,  vol.  1,  p. 

121,  pi.  1,  fig.  22.  Upper  Silurian. 

vigilans,    ( See  Encrinnxiia  Tigilans. ) 

ICheirunu'i  vulcanus  Billings,  1865;  Pal.  Foss.,  voL  1,  p.  284,  fig.  27 ;  p.  324, 

fig.  310.  Quebec. 

Cliarlocephalus  Hall,  1863 ;  16th  Rep«.  New  York  State  Cab.  Nat  Hist,  p.l75. 
Type,  Chnriocephalus  whitfieldi  HalL 

tumifrona  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th  Par. ,  vol.  4,  p.  224,  pL 

2,  figs.  38, 39.  Potsdam. 

?  tamifix>nB  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

61,  pi.  10.  fig.  16. 

whitfieldi  Hall,  1863 ;  16th  Rept  New  York  State  Cab.  Nat  Hist.,  p.  175,  pi.  6, 

figs.  49-53 ;  pi.  10,  fig.  20.  Potsdam. 

Chaamopa  McCoy,  1849;  Annals  Mag.  Nat.  Hist,  2d  scries,  vol.  4,  p.  403.  (See  Dal- 
manites  IChaamops']  anchiopa,  anohiops  var.  armatua,  anohiopa  var.  sobri- 
nus,  D.  IChasmopa'l  calypso,  D.  [Chasmopa']  erina,  D.  IChasmops']  maorops. 

IDalmanites]  trooati  Safibrd,  1869 ;  GeoL  Tennessee,  p.  290.  Trenton. 

trooati  Safl'ord  and  Vogdes,  18:31);  Proc.  Acad.  Nat.  Scl.  Phila.,  p.  167,  figure. 

Conocephalus  ZGukeVf  1833;  Bcitrage  Nat.  Urwelt,p.  48. 
Conocephalites  Barraude,  18^2;  Syst.  Sil.  Boh6me,  vol.  1,  p.  415. 

For  species  previously  classed  under  these  genera,  see  Conoooryphe,  Pty- 
choparia,  and  Crepicephalua. 
Conoooryphe  Corda,  1847 ;  Pr jdr.,  p.  139,  pi.  2,  fig.  10. 
Type,  Conoooryphe  sulteri  Scblotheim. 

lConocephalit€8'\  baileyi  Hartt,  186H ;  Acadian  Geology,  p.  645  (3d  ed.).    St  John. 

baileyi  Matthew,  1^4 ;  Trans.  Royal  Soc.  Canada,  vol.  1,  p.  Ill,  pi.  1,  figs.  22-27. 

IBaiUella']  baileyi  Mutlbcw,  1^64 ;  Trans.  Royal  Soc.  Canada,  vol.  I,  pi.  1,  fig. 22. 

[salteria]  baileyi  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  32.  pi.  4, 

figs.  3,  3  a ;  pi.  5,  figs.  7,  7  a. 

The  autboi  herein  proposed  the  subgenus  Salteria  (corrected  to  Baili^la)  for 
Erinnys  Salter,  a  preoccupied  generic  name ;  the  same  is  true  of  Salteriat  used 
for  a  genus  of  fossil  Crustacea. 

[ConooepkaliteB^  oalcifera  Walcott,  1879;  32d  Rept  New  York  State  Mus.  Nat. 

Hist.,  p.  129.  '  Caloiferous. 
IConocephaliteal  cordillerse  Rominger,  1887;  Proc.  Acad.  Nat  Sci.  Phila.,  p.  17, 

pi.  1,  fig.  7.  Cambrian. 

elegana  Hartt,  1868 ;  Acadian  Geol.  (3d  ed. ),  p.  650.  St.  John. 

elegana  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  33,  pi.  4,  figs.  2, 2  a,  b. 

gemini'spinosus  Hartt.    (See  Conoooryphe  matthewl) 

IConocephalites]  hartti  Walcott,  1879 ;  32d  Rept  New  York  State  Mus.  Nat. Hist, 

p.  131.  Caloiferous. 

[Conocephalites]  matthewi  Hartt,  1868;  Acadian  Geology,  p. 646,  fig. 224. 

St  John. 

IConocephalitea'i  matthewi  Matthew,  1884 ;  Trans.  Royal  Soo.  Canada,  vol.  1,  p. 

103,  pi.,  figs.  6-21. 
Syn.,  Earttia  matthewi  Walcott,  1884  ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  19,  pi. 
1,  fig.  3. 

matthewi  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  28,  pi.  4,  figs.  1, 

la,  b. 
IConoeephaWes'l  optatus  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist, 

p.  122,  pi.  5  a,  fig.  7.  Potsdam. 
lConocephalife8'\  tril'meatus.    (See  Atopa  trilineataa  Emmons.} 
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Conocoryphe  [Conooorypke]  trilineaius.    (See  Atops  triliiieatus  Emuions.) 

IBailella]  walootti  Matthew,  1884  ;  Trans.  Royal  8oc.  Canada,  vol.  1,  p.  119,  pi. 

I,  figs.  36-36  b.  St.  John. 

walcotti  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  30. 

Conoliohas  Dames,  1877 ;  Zeitschr.  Deutsoh.  geol.  (Resell.,  Berlin,  1877,  p.  806.    Cono- 

Uohas,  subgenoB  Lichas  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxix. 
Coronura  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxii.    (See Dalmantiea  ICoronura'] 

aspeotana,  D.  ICoronura']   myrmeoophonis,  and   D.   ICoronura']   emargi- 

natas.) 
CorycephalnB  Hall,  1888 ;  Pal.  New  York,  vol  7,  p.  xxxiv.    (See  Dalmanites  [Cotj^- 

aepkalus']  regalia,  D.  ICorycephalus]  pygmasus,  and  D.  ICorycephulua'i  denta- 

tU8.) 

Crapicephalca  Owen,  1852;  Rept.  Oeol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 
p.  576. 

There  is  hardly  a  question  that  Dr.  D.  D.  Owen  had  before  him  when  he 
wrote  the  description  of  his  genus  Crepicephalus  a  true  Ptyohoparia.  He  re- 
marks: *'The  rather  flat,  slipper-shaped  glabella  is  tapering  and  slightly 
acuminated  anteriorly,  with  a  faint  ridge  on  the  median  line ;  two  small 
and  very  superficial  depressions  and  a  posterior  faint  furrow  very  partially 
divide  the  glabella.  The  facial  sutures  run  nearly  parallel  to  the  margin  of 
the  glabella  and  join  a  thickened,  cord  like  anterior  narrow  border,  inclos- 
ing a  convex  area,  narrower  in  front  than  at  the  sides.  Oblique  plications 
can  sometimes  be  traced  on  the  cheek-plate  in  advance  of  the  eye,  converg- 
ing towards  the  apex  of  the  glabella.''  He  refers  the  following  figures  to  the 
genus:  Plate  1,  fig.  H,  Crepicephalus  f^  pygidium  from  the  Miniskah  Trilobite 
grit.  Plate  1,  fig.  13,  Crepicephalus?  ^oisoonensia  (n.  s.),  part  of  cephalothorax 
and  a  portion  of  the  cephalic  shield  of  Z>.  granulosus  f,  Plate  1  a,  fig.  10, 
glabella  of  Crepicephalus  n.  g.,  near  Miniskah.  Plate  la,  fig.  14,  pygidium 
of  Crepicephalus  f  miniscaenis  n.  s.,  from  Miniskah  grits.  Plate  1  a,  fig.  16, 
pygidium  and  portion  of  Crepicephalus  (t)  and  portions  of  cephalothorax  of 
that  genus,  from  the  Miniskah  Trilobite  grit.  Plate  1  a,  fig.  18,  glabella  of 
Crepicephalus,  near  Miniskah,  Mississippi  River. 

IBathyurus  f]  angulatus  Hall  and  Whitfield.    (See  Ptychopaiia  angulatua.) 

ILoganellus']  any  ins  Hall  and  Whitfield.    (See  Ptychoparia  anytus.) 

[  Logan€llus'\  centralis  Whitfield.    (See  Ptychoparia  OT«reni.) 

gibbsi  Whitfield,  1880 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1879,  p.  50. 

Potsdam. 

gibbai  Whitfield,  1880 ;  Geol.  Wisconsin,  vol.  2,  p.  67. 

gibbai  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  184,  pi.  10,  figs.  12,13. 

ILogauellus'i  granulosa  Hall  and  Whitfield.    (See  Ptychoparia  granulosa.) 

ILoganellus]  haguei.    (See  Lisostracus  haguei  and  Ptychoparia  hagneL) 

[  lAfganellus'\  maculosus  Hall  and  Whitfield.    (See  Ptychoparia  maouloaua.) 

ILoganellusI  montanensis  Whitfield.    (See  Ptychoparia  montanenaia.) 

ILoganellus']  nitidens  Hall  and  Whitfield.    (See  Ptychoparia  nitidens.) 

onuatus  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  53. 

Potsdam. 

onuBtus  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  182,  pi.  1,  figs.  22,23. 

oweni.    (See  Agraolos  oweni  and  Ptychoparia  owenl.) 

[  L4>ganellus]  planus  Whitfield.    (See  Ptychoparia  planus. ) 

[LoganeVus]  quadrans  Hall  and  Whitfield.    (See  Ptychoparia  quadrana.) 

ILoganellus]  simulator  Hall  and  Whitfield.     (See  Ptychoparia  nitidens.) 

ILoganellus]  unieuloatus  Hall  and  Whitfield.    (See  Ptychoparia  unistdcatus.) 

f  iriscoHsensis  Owen.    (See  Anomocare  wisconseusis.) 

Crepioephalus  Walcott,  1884;  Bull.  U.  8.  Geol.  Survey,  No.  10,  p.  35. 
Type,  Dikelocephalus  f  iowensis  Owen. 
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Crepicephalus  augfuit^  Walcott^  18H6;  Bull.  U.  S.  Geol.  Snrvey,  No.  30^,  p.  208,  pi. 
2H,  Hgs.  2,  2  a,  b.  Middle  Cambrian. 

IDikelooephalusf]  iowenais  Oweu,  1852;    Kept.  Geol.  Wisconsin,  Iowa,  and 

Minnesota,  p.  575,  pi.  1,  fig.  4  ;  pi.  1  a,  fig.  13.  Potsdam. 

Undetermined  Trilobite  Owen,  1848 ;  Rept.  Geol.  Reoonnoissanoe  Chippewa 
Land  Dist.,  p.  14,  pi.  7,  fig.  1. 

IConocepkalites'i  iowenaia  Sbamard,  1863;  Trans.  Acad.  Soi.  St.  Louis,  vol.  2, 

p.  102. 
—  lCimocephaliie9'i  iowensis  Hall,  1863;  16tb  Rept.  New  York  State  Cab.  Nat. 

Hist.,  p.  162,  pi.  7,  fig.  ai;  pi.  8,  figs.  10-12  and  30. 

iowensis  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  36. 

iowensis  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  207. 

liUana  Waloott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  209,  pi.  28,  figs.  3, 

3  a,  c.  Middle  Cambrian. 

Cryphseus  Green,  1837 ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  343. 
Type,  Crypkceu9  hoothi  Green. 

IDalmanites  (Crifphau8)'\  barrisi  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  48,  pi.  16a, 

fig.  18.  Hamilton. 

booth!  Green,  1837 ;  Am.  Jour.  Sci.,  1st  series,  vol.  32,  p.  343,  figure.    Hamilton. 

Syn.,  Crifphccus  gi-eeni  Conrad,  1839 ;  2d  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 
Survey,  p.  66. 
CryphceuB  caUileles  Conrad,  1839 ;  2d  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  62. 
A$aphu$  halH  Conrad,  1840;  3d  Ann.  Rept.  Pal.  Dept.  New  York  GeoL  Sur- 
vey, p.  204. 
Cryphceus  calliteles  Hall,  1843;  Geol.  New  York,  pt.  4,  p.  201. 
Cryphwus  calliteles  De  Vemenil,  1850;  Bull.  Soc.  G^l.  France,  2d  series, 

vol.  7,  p.  164,  pi.  1,  fig.  3. 
Phacops  pectinaius  F.  A.  Roemer,  1850;  Beitriige  zur  Kenntn.  Harzgeb.,  p. 

62,  pi.  9,  fig.  27. 
Dalmania  calliteles  Emmons,  1860 ;  Manual  €^logy,  p.  138,  fig.  124  (7). 

IDalmania'i  booth!  Hall,  1861 ;  Des.  New  Species  of  Fossils,  p.  63. 

[Dalmania]  booth!  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  9L 

iDalmaniteH']  booth!  Hall,  1876;  Illus.  Devonian  Poss.,  pi.  16,  figs.  1-6,  9-11, 

13,  15,  16. 
Syn.,  Cryphaus  stelUfer  Kayser,  1878;  Abbandl.  geol.  Speciglkarte  Pr.,  vol.  2, 
pt.  4,  p.  33,  (in  part). 
CrypkcBus  laciniaius  Kayser,  1878;  idem.f  p.  34. 

IDalmanites  (Cryph(Biis)'\  booth!  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  42,  pi.  16, 

figs.  1-4 ;  pi.  16  a,  figs.  3-8. 

callitelus  Green,  1837;  Am.  Jour.  Sci.,  Ist  series,  vol.  32,  p.  346. 

Hamilton. 

[Dalmanites'i  booth!  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  16,  figs.  7,  8, 12, 14. 

(?)  callitelus  Kayser,  1878 ;  Abbandl.  geol.  Speclalkarte  Pr.,  vol.  2,  pt.  4,  p.  38, 

pi.  3,  tig.  10. 

[Dalmanites  (Cryphwus)]  booth!  var.  calliteles  Hall  and  Clarke,  1888;  Pal. 

New  York,  vol.  7,  p.  45,  pi.  16,  figs.  5-22 ;  pi.  16  a,  figs.  9-17. 

IDalmanites  (Ci^phceua)']  comis  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  41,  pi. 

10  a,  fig.  1.  Comiferons. 

[Dalmania'i  pleione  Hall,  186J ;  Des.  New  Species  Fossils,  p.  62.  Hamilton. 

[Dalmania]  pleione  Hall,  1862 ;  15tb  Rept.  New  York  State  Cab.  Nat.  Hist,, 

p.  90. 

IDalmaniie^l  pleione  Hall,  1876;  Illus.  Devonian  Fobs.,  pi.  16,  fig.  17. 

pleione  Kayser,  1878;  Abbandl.  geol.  Sperialkarte  Pr.,  vol.2, pt.4,p.33. 
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CryphmuB  [ Dalmanilrs  ((UyphwiiH)]  pleioiie  Hall,  L^8S;  Pal.  New  York,  vol.  7,  p. 

41,  pi.  16  a,  tig.  2. 
Crjptolithus  Groeii,  1832 ;  Mou.  Tril.  North  America,  p.  72. 

TbiH  geoerio  should  replace  that  of  Trinucleus  Murch.,  1839. 
Onfpionjfmus  £iohwald,  1825 ;  8yn.  to  JsapkuSf  Illwnus,  and  .A^&e. 
Cr^tofiymtM  Eichwald,  1840.    (SeeEncrinums.) 
Cybela  Loven,  1845;  Sveuska  Yetensk.  Akad.  Fdrhandl.,  p.  110. 
Type,  CyheU  bdlatula  Dalman. 

punctata  KM.    (See  Bncrlnams  omatus. ) 

CyphaspiB  BurraeUter,  1843 ;  Org.  Trilobiteo,  p.  98. 
Type,  Cyphaspis  ceratopthalma  Burmeister. 

ohrlatyi  Hall,  1863 ;  Trans.  Albany  lust.,  vol.  4,  p.  220.  Niagara. 

ohristyi  HaH,  1875 ;  28th  Kept.  New  York  State  Mas.  Nat.  Hist.,  pi.  32,  figs.  5-7. 

cdiristyi  Hall,  1879;  28th  Rept.  New  York  State  Mas.  Nat.  H^st.,  p.  188,  pi.  32, 

figs.  5-7. 

christyl  White,  1880;  2d  Ann.  Rept.  Dept.  Statistics  and  Geol.  Indiana,  p. 

493,  pi.  3,  fig.  9. 

oluistyl  Hall,  1882 ;  11th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1881,  p.  333,, 

pi.  34,  figs.  5-7. 

ooBlebs  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  151,  pi.  24,  fig.  1. 

Lower  Helderberg. 

craspedota  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  148,  pL  24,  figs.  15-20. 

Hamilton. 

diadema  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  144,  pi.  24.  fig.  13. 

Upper  Helderberg. 

|;irardeaneii8is  Shnmard,  1855 ;  1st  and  2d  Rept.  Geol.  Missouri,  p.  197,  pi.  B, 

fig.  11  a,  b. 

girardeauensia  Emmons,  1860 ;  Manual  Geology,  p.  159,  fig.  145  (2). 

hybrida  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  144,  pi.  24,  fig.  14. 

Upper  Helderberg. 

IPhilUpaia'i  laevia  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  21,  fig.  29. 

ImviB  Hall,  1888 ;  Pal.  Now  York.  vol.  7,  p.  150,  pi,  21,  fig.  29.  Chemung. 

lPkillip8ia'\  minusoula  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  20,  fig.  17. 

Upper  Helderberg. 

'  minnaoiila  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  140,  pi.  20,  fig.  17 ;  pi.  24,  figs.  7-12. 

IPhilHpsiaf  (Brachymetapusf)]  ornata  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  21, 

fig.  1.  Hamilton. 

Syn.,  Phillipsia  coronata  Miller,  1877 ;  Catalogue  Am.  Pal.  Foss.,  p.  221. 

Phillipsia  ooronataf  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  8,  p.  211. 

ornata  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  145,  pi.  21,  fig.  1 ;  pi.  24,  fig.  21. 

ornata  var,  baooata  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  146,  pi.  24,  figs.  22, 23. 

Btephanopbora  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  142,  pi.  24,  figs.  2-6. 

Upper  Helderberg. 
Dalmania  Emmrich,  1844  ;  Znr  Naturgeschichte  Trilobiten,  p.  15. 

This  name  having  been  used  in  1830  for  a  genus  of  the  Diptera,  J.  Barrande 
suggested  that  of  Dalmanites. 
Dalmanltes  (Emmrich)  Barrande,  1872;  Syst.  Sil.  Boh6me,  Suppl.,  vol.  1,  p.  27. 
Type,  Dalmanites  caudatus  BUnnich. 

Syn.,  P/ei4rac<iwMM«  Milne-Edwards,  1840;  Crust.,  vol.  3,  p.  329. 
OdontoohUe  Corda,  1847;  Prodr.,  p.  208,  pi.  5,  tig.  56. 
Oateropyge  Corda,  1847 ;  Prodr.,  p.  241.  pi.  6,  fig.  &j. 
Metacanthus  Corda,  1847  ;  Prodr.,  p.  242,  pi.  6,  fig.  67. 
Chasmops  McCoy,  1849 ;  Annals  Nat.  Hist.,  2d  series,  vol.  4. 
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8jn.,  Cryph(vu8  Groen,  18:17 ;  Am.  Jour.  Sci.,  Ist  series,  vol.  32,  p.  343. 

OdontoceplMlm  Conrad,  1840;  3d  Rept.  Pal.  Dcpt.  New  York  Cteol.  Survey, 

p.  204. 
Hausmannia  Hall,  1888 ;  Pal.  Now  York,  vol.  7,  p.  xxxi. 
Coronura  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxii. 
Coryeqphdlus  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xxxiv. 
Dalmanites  [^«apfcif«f]  aoantholeunis  (Conrad)  Hall,  18G2;  15th  Bept.  Naw  York 

State  Cab.  Nat.  Hist.,  p.  113. 
[AsaphuBf]  aoantholeunis  Conrad,  1841;  4th  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  48.  Onondaga. 

aoahtholeurus  Hall,  1876;  111  as.  Devonian  Foss.  Crust.,  pi.  19,fif(.  14. 

[Dalmanites]  aoantholeunis  Hall,  1876 ;  IUub.  Devonian  Foss.  Crast.,  pi.  19, 

fig.  14. 

achates  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  63,  fig.  9.  Trenton. 

achates  Billings,  1863;  Geol.  Canada,  p.  187,  fig.  186. 

SBgeria  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  57.  Upper  Helderberg. 

segeria  Hall,  1862 ;  15tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  85. 

aBgeria  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  12,  figs.  1,2,7. 

SBgeria  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  p.  12,  figs  3,  6,  8  (not  figs. 

1,2,7). 
[  Odontocephalus']  aegeria  Meek  and  Worthen,  1868 ;  Geol.  Illinois,  vol.  3,  p.  417, 

pi.  10,  figs.  4  a,  b,  c. 
lOdoniocophalua]  asgeria  Hall,  1888;  Pal.  New  York,  vol.  7,  pT53,  pi.  11  b,  figs. 

1-11. 

[CkilyfMne]  anohiops  Green,  1832;  Monthly  Am.  Jour.  Geol.,  vol.  1,  p.  558. 

Upper  Helderberg. 

[Calymene]  anohiops  Green,  1832;  Mou.  Tril.  N.  A.,  p.  35,  cast  7. 

Syn.,  A$aph\i9  laticoatatus  Green,  1832;  Monthly  Am.  Jour.  Geol.,  vol.  1,  p.  559. 
Asaphm  JaUcostatus  Green,  1832;  Mon.  Tril.  N.  A.,  p.  45,  cast  13. 

IPhaoopa']  anohiops  Burmeister,  1843 ;  Org.  Trilobiten,  p.  90  (Ray  Soc. edition). 

IPhiicopa']  anohiops  Hall,  1851 ;  Rept.  Geol.  Lake  Superior  Land  Diet.  (Foster 

and  Whitney),  pt.  2,  p.  224,  pi.  35,  figs.  3  a,  3  b.    (See  Dcdmanites  anchiops 

var.  armatus.) 

IDalmania]  anohiops  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  55. 

IDalmania]  anohiops  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  83. 
anohiops  Hall^  1876 ;  lUus.  Devonian  Foss.  Crust.,  p.  9,  figs.  1,  3-6,  9,  10,  12, 

13;  pi.  10,  figs.  (>-14. 
IChasmops]  anohiops  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  59,  pi.  9,  figs.  1-6, 

10,12,13;  pi.  10,  figs.  1-14. 

IDalmania']  anohiops  var.  armatus  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  £6. 

IDalmania]  anohiops  var.  armatus  Hall,  1862;  15th  Rept.  New  York  State 

Cab.  Nat.  Hist.,  p.  84. 
anohiops  var.  armatus  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  9,  figs.  2, 

7,8. 
IChaimopa]  anohiops  var.  armatus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  62,  pi. 

9,  figs.  7-9;  pi.  10,  fig.  14. 
IChasmops]  anohiops  var.  sobrinus  Hall,  1888;  Pal.  New  York,  vol.  17,  p.  62, 

pi.  9,  fig.  11. 
[Odoniooephalua]  arenarius  Meek  and  Wortben,  1868 ;  Geol.  Survey  Illinois,  voL 

3,  p.  417,  pi.  9,  fig.  10.    (See  Dalmanites  selenurus.) 
lAsaphus]  aspeotans  Conrad,  1841 ;  5th  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  48,  fig.  9.  Upper  Helderberg. 

Syn:,  Asaphuat  denHculatua  Conrad;  idem,,  p.  48. 
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Dalmanites  [DaUnania'\  aspectcuis  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  60  (in 

error  D,  adspeotana), 
IDalmania'i  aapectans  Hall,  1862 ;  15th  Bept.  New  York  State  Cab.  Nat.  Hist., 

p.  88  (in  error  D.  (idapectans). 
Syn.y  IkUfMmia  Helena  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  61. 

Dalmania  helena  Hall,  1862 ;  15th  Bept.  New  York  State  Cab.  Nat.  Hist., 

p.  89. 
Dalmauitei  ohioensU  Meek,  1871 ;  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  91. 
DahMnites  ohioenais  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  234,  pi.  23,  fig.  1. 
Dalmanitea  denticulatua  Hall,  1876;  lUtis.  Devonian  Foss.  Crast.,  pi.  10, 
fig.l. 
— .  aspectans  Hall,  1876 ;  lUus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  6-^. 

Syn.,  helena  Hall,  1876 ;  Hlus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  13,  14. 
lCaronura'\  aspectans  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  33,  pi.  12,  figs. 

1-11,  13. 

ICr^hams^  harriai  Hall.    (See  CryphaBus  barrlsi  Hall.) 

bebryz  Billiugs,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  62,  fig.  8.  Trenton. 

bebryz  Billings,  1863;  Geol.  Canada,  p.  187,  fig.  185. 

IDalmania']  bifida  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  63.    Upper  Helderberg. 

IDalmania'i  bifida  Hall,  1862;  15th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p. 

91. 
lOdontocephalus'i  bifida  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  53,  pL 

lib,  figs.  22-25. 
Compare  Dalmanites  aget-ia  Hall. 

IDalmania]  boothi,    (See  Cryphadus  boothi  Green.) 

bicomis  Hall,  1875;   28th  Eept.  New  York  State  Mus.  Nat.  Hist.  ExpL,  pi.  33, 

^g,  18.  Niagara. 
bicomis  HaU,  1879;  28th  Kept.  New  York  State  Mus.  Nat.  Hist.,  p.  196,  pi.  33, 

fig.  18. 
btcomia  Hall,  1882;  11th  Ann.  Kept.  Qeol.  Nat.  Hist.  Indiana,  1881,  p.  342,  pi. 

36,  fig.  18. 
breviceps  Hall,  1866;  24th  Kept.  New  York  State  Mus.  Nat.  Hist.,  p.  223,  pi.  8, 

figs.  15, 16.  Hudson. 

bravioeps  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  143. 

brevioepa  HaU  and  Whitfield,  1875;  PaL  Ohio,  vol.  2,  p.  108,  pi.  4,  figs.  15, 

16. 
IPhaoopsi  oaUloephalua  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  247,  pi.  65,  figs. 

3a-3i.  Trenton. 

-'-[PAaooptf]  oallioephalna  Hall,  1851;  Kept.  Geol.  Lake  Superior  Land  Dist 

(Foster  and  Whitney),  vol.  2,  p.  212,  pi.  3,  figs.  3  a,  3  b. 
lPhaoop8'\  callioephaloa  Eoimons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  214,  pL 

15,  figs.  7,7  a. 

[  Dalmanial  oallitelea.    (See  CryphaBUS  oalliteles). 

IDalmania'i  calypso  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  61. 

Upper  Helderberg. 
IDalmaniai  calypso  Hall,  1862;  15th  Kept.  New  York  State  Cab.  Nat.  Hist., 

p.  89. 

calypso  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  1,2. 

ICkasmopa]  calypso  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  4,  pi.  16a,  fig.  1. 

?  cayahogoe  Claypole,  1884;  Geol.  Mag.,  vol.  1,  p.  .305,  figure.     Carboniferous. 

?  cayahogoe  Woodward,  18*^4 ;  Mon.  Brit.  Carboniferous  Tril.,  p.  79,  figure. 

oarleyi  Meek,  1872;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  424.  Hudson. 

carleyl  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  170,  pi.  14,  figs.  2a-2d. 

* carleyi  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  142. 

— —  IDalnumia']  oaudata  (Brong.)  Roemer.    (See  Dalnumites  limolurus  Green.) 
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Dalmanites  lCryph€Bua'\  camis,    (See  Cryphseus  ooxnis  Hall.) 

conoimiua  Hall,  1876 ;  111  us.  Deyonian  Foes.  Crust.,  pi.  10,  figs.  3-5.    Schoharie. 

IHausmannia']  oonoinniui  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  30,  pi.  11  a,  figs. 

IHau^mannia]  ooncinnas  var.  sermla  Hall  and  Clarke,  1688;  Pal.  New  York, 

*  vol.  7,  p.  30,  pi.  11  a,  fig.  12. 

IDalmania"]  ooronattia  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  58. 

Upper  Helderberg. 
IDalmania^  coronatos  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  86. 
coronatas  Hall,  1876 ;  Illus.  Devonian  Foss.  Crust.,  pi.  12,  figs.  15-17 ;  pL  13, 

fig.  5. 
I0dontooephalusf'\  coronatus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  54,  pi.  11  b, 

figs.  12-14. 

danse  Meek  and  Worthen,  1865;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  264.     Niagara. 

danse  Meek  and  Worthen,  1868;  Pal.  Illinois,  vol.  3,  p.  363,  pi.  6,  figs.  1  a-lf. 

dentata  Barrett,  1876 ;  Am.  Jour.  Sci.,  3d  series,  vol.  11,  p;  200,  plate. 

Lower  Helderberg. 

dentata  Barrett,  1876;  Am.  Jour.  Sci.,  3d  series,  vol.  12,  p.  70. 

lCoryoephalus'\  dentatUB  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  58, 

pi.  11  a,  figs.  4-6. 
lAsaphusf]  dentioolatus  Conrad,  1841 ;  5th  Rept.  PaL  Dept.  New  York  Qeol. 

Survey,  p.  48. 

Lower  Helderberg. 

dentionlatus  Hall,  1876 ;  Illus.  Devonian  Foss.  Crust.,  pi.  10,  fig.  1. 

IPhceUm'i  denticulatus  Meek,  1877 ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  49, 

pi.  1,  figs.  10  a,  b. 

emarginatUB  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  10,  fig.  2. 

Upper  Helderbei^. 
ICcranura'l  emarginatua  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  40,  pi.  11  a,  figs. 

,  7,8. 

^ epiorates  Billings,  1863 ;  Proc.  Portland  Soc.  Nat.  Hist.,  voL  1,  p.  119,  pi.  1,  fig.  21. 

IDalmania'i  erina  Hall,  1861 ;  Des.  New  Species  Foes.,  p.  62. 

Upper  Helderberg. 

iDalmania'i  erina  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  90. 

erina  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  13,  figs.  3,  4. 

[Chasmops']  erina  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  67,  pi.  11,  figs.  16-18. 

Upper  Silurian. 

[Dalmania']  helena,    (See  Dalmanites  aspeotana.) 

—  intermedius  Walcott,  1877;  Advance  sheets  31st  Rept.  New  York  State  Cab. 
Nat.  Hist.,  p.  17.  ,  •  Trenton. 

intermedius  Walcott,  1879;  31st  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  69. 

[Phacopifi  latioauda  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  248,  pi.  64,  fig.  3. 

lAaaphus']  limnlums  Green,  1832;  Monthly  Am.  Jour.  Qeol.,  vol.  1,  p.  559. 

Niagara. 

lAiaphus'i  limulnms  Green,  1832;  Mon.  Tril.  N.  A.,  p.  48,  cast  16. 

IPhaoopsJi  limnlorua  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  303,  pi.  67,  figs.  1-a 

Syn.  IDalmania]  oatuiata(Brong.)Roemer,  1860;  Die  sil.  Fauna  W.  Teun.,p.82, 
pi.  5,  fig.  21. 

IDtUmanial  logani  Hall,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  156,  fig.  la 

Silurian. 

{^Dalmania'i  maorops  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  59. 

Upper  Helderberg. 

IDalmania'i  maorops  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  87. 
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Dalmcmites  macrops,  1876 ;  lUus.  Devonian  Fobs.  Crnst.,  pi.  13,  figs.  9»  10. 

IChaamops'i  maorops  Hall,  1888;  Pal.  New  York,  voL  7,  p.  68,  pi.  11  a,  figs. 

14, 15. 

macroura?  (Sjogr.)  Billings,  1866;  Catalogae  Sil.  Fobs.  Anticosti,  p.  61. 

lDalmania'\  meta  Hall,  1862;  Geol.  Wisconsin,  vol.  1,  p.  433. 

meekl  Waloott,  1884;  Pal.  Eureka  Dist,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  207, 

pi.  17,  figs.  5-5  a,  b  (not  fig.  5  c). 
(undetermined  sp.)  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par,,  vol.  4,  p.  48,  pi.  1, 

figs.  11, 11  a. 

IJSausmannia]  meekl  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  11  a,  figs.  28-30. 

[JMpAtM]  micrurus  Green,  1832;  Monthly  Am.  Jour.  Geology,  p.  559,  pi.  14, 

fig.  3.  Lower  Helderberg. 

lA8&phu8'\  miomruB  Green,  1832 ;  Mon.  Tril,  N.  A.,  p.  56,  cast  19,  pi.,  fig.  3. 

IDalmania}  micmros  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  .359,  pi.  75,  figs.  13-18. 

lAsaphus"}  myrmeoophoms  Green,  1835;  Am.  Jour.  Sci.,  1st  series,  vol.  23,  p. 

397.  Upper  Helderberg;. 

lAaaphus'i  myrmecophonis  Green,  1835;  Suppl.  Mon.  Tril.  N.  A.,  p.  16,  cast  40. 

lD€tImania}  mymxeooplioruB  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  60. 

lDalmania'\  mymxeoophoms  Hall,  1862 ;  15th  Kept.  New  York  State  Cab.  Nat. 

Hist,  p.  88. 

myTmecophoms  Hall,  1876;  Hlns.  Devonian  Foss.  Crust.,  pi.  13,  figs.  15, 16. 

[  Chronura]  myrmeoophonis  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  37,  pi.  11  a, 

fig.  13 ;  pi.  13,  fig.  12 ;  pi.  14,  figs.  1-6 ;  pi.  15,  figs.  1-4. 
\^A8apku$'i  nasutus  Conrad,  1841 ;  5th  Rept.  Pal.  Dept.  New  York  Geol.  Survey, 

p.  48.  Lower  Helderberg. 

IDdlmania]  nasutus  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  362,  pi.  75,  ^g,  2 ; 

pi.  76,  figs.  1-9. 

IDalmanitea'i  ohioensis,    (See  Dalmanltes  aspeotans.) 

IJIauamannia^  phaooptyz  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  31,  pi.  11  a, 

figs.  23-29.  Upper  Helderberg. 

[  Dalmania}  pleione,    ( See  CrypbaBus  pleione. ) 

\^A9aphH8'\  pleuropteryz  Green,  1832;  Monthly  Jour.  Geol.,  vol.  1,  p.  559. 

Lower  Helderberg. 

[A8apihu$'\  pleuropteryx  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  55,  cast  18. 

[Dalmania]  pleuropteryx  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  356,  pi.  74,  figs. 

5(T)  9(t)  (not  figs.  1-4,  6-8,  10-12),  pi.  75,  fig.  I. 

lHau9mannia]  pleuropteryx  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  28,  pi.  9, 

figs.  1-3. 

ICarycephalus'^  pygmsBUs  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  56,  pi.  11,  figs. 

5-8.  Upper  Helderberg. 

regalis  Hall,  1876;  Hlns.  Devonian  Foss.  Crust.,  pi.  11,  figs.  1-4. 

Upper  Helderberg. 

iCoryoephalus^  regalia  Hall,  1888;  Pal  New  York,  vol.  7,  p.  55,  pi.  11, figs.  1-4. 

[A»aphu8]  selenurus  Eaton,  1832 ;  Geological  Text  Book,  p.  31,  pi.  1,  fig.  1. 

Upper  Helderberg. 

\_Aaaphua'\  selenurus  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  46,  casts  14  and  15. 

8yn.,  Catymenef  odontooephala  Green,  1635;  Suppl.  Mon.  Tril.  N.  A.,  p. 9,  oast 36. 
Calymenet  odontooephala  Green,  1835;  Am.  Joue,  Sci.,  1st  series,  vol.  25,  p. 
334. 

[  Odantooephalus'i  selenurus  Conrad,  1840 ;  3d  Rept.  Pal.  Dept.  New  York  Geol. 

Survey,  p.  204. 

lOdoniocephaluB']  selenurus  Vanuxem,  1842;  Geol.  New  York,  3d  G^l.  Dist., 

pp.  139, 140,  fig.  1. 

lOdonio€tphalu8'\  selenurus  Hall,  1843;  Geol.  New  York,  4th  GeoL  Dist.,  p.  175, 

fig.l. 
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Dalmanites  IDalmania]  selenuraa  Hal],  ia')9;  12Ui  Rept  New  Tork  State  Cab. 

Nat.  Hist.,  p.  8H. 

IDalmania'l  selenuraa  Hall,  1861 ;  Des.  New  Species  Fo88.,p.  56. 

[Dalmania'\  selanurus  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  84. 
8yn.f  Odontocephaluaf  (DalmanUes-Odontooephalus)  arenariu$  Meek  and  Worthen, 
1868;  Geol.  Survej  Illinois,  vol.  3,  p.  416,  pi.  9,  fig.  10. 

oelenams  Hall,  1876;  IUqs.  Devonian  Foss.  Crast.,  pi.  12,  figs.  12-14. 

•  lOdontocephalus]  s^enaraa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  49,  pi.  11  b,  figs. 

15-21 ;  pi.  12,  figs.  1-13. 

IDalmania]  tridens  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  361,  pi.  75,  figs.  3-6. 

Lower  Helderberg. 
IDalmania]  trldentifera  Shnmard,  1855;    1st  and  2d  Geol.  Repts.  Missoori, 

p.  199,  pi.  B,  figs.  8  a-c.  Lower  Helderberg. 

trldentifera  Meek  and  Worthen,  1868;  Pal.  Illinois,  vol.  3,  p.  391,  pi.  7,  fig.  16. 

troonti  Safford,  1869 ;  Geol.  Tennessee,  p.  290.    (See  Chaamops  troosti  Sailbrd.) 

Nashville. 
— —  IValmania']  ▼ermcosus  Hall,  1863 ;  Trans.  Albany  Inst.,  vol.  4,  p.  218.     (Ab- 
stract published  May,  1863,  p.  24.)  Niagara. 
TernicoBna  Hall,  1875;  28tb  Rept.  New  York  State  Mas.  Nat.  Hist.,  pi.  23,  figs. 

5-17,  13-15.    Museum  ed.,  1879,  p.  195,  pi.  23,  fig.  5-17;  pi.  34,  figs.  13-15. 
Terruoosna  Hall,  1882;  11th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  341, 

pi.  35,  figs.  5-17;  pi.  36,  figs.  13-15. 

vigilans  Hall,  1^1;  Rept.  Progress  Wisconsin  Geol.  Survey,  p.  51.        Niagara. 

IDalmania'i  vigilana  Hall,  1867;  20th  Rept.  New  York  State  Cab.  Nat.  Hist, 

p.  335,  pi.  21,  figs.  16-18. 
[Dalmania^  vigilana  Hall,  1870;  20th  Rept. New  York  State  Cab.  Nat  Hist.  (2d 

ed.),  p.  426,  pi.  21,  figs.  16-18. 
Tigllana  Hall,  1875;  28th  Rept.  New  York  State  Mna.  Nat  Hist  Expl.,  pi.  33, 

figs.  1-4. 
vigUans  Hall,  1879;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.  (Mns.  ed.),  p. 

193,  pi.  33,  figs.  1-4. 
vlgilana  Hall,  1882 ;  11th  Ann.  Rept  G^l.  Nat.  Hist  Indiana,  1881,  p.  339,  pL  35, 

figs.  1-4;  pi.  33,  fig.  9. 

werthneri  Foerste,  18So ;  Bull.  Denison  Univ.,  voL  1,  p.  116.  Clinton. 

werthneri  Foerste,  1887 ;  Ball.  Denison  Univ.,  vol.  2,  p.  109,  pi.  8,  figs.  22-25. 

Dicellocephalua.    ( See  Dlkalooephalua. ) 

Dikelooephalus  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  573. 
Type,  Dikelocephaltts  minnesotensia  Owen. 

Syn.,  Cenfropleura  Angelin,  1854 ;  Pal.  Scaud.,  p.  87,  pi.  41,  figs.  9-11. 
This  generic  term  has  sometimes  been  spelled  Dioellocephalui, 

afBnis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  197,  fig.  183  a,  b.  Quebec, 

?  angustifrona  Walcott,  1884 ;  Pal.  Eureka  Dist,  Mon.  U.  S.  Geol.  Survey,  vol.  8. 

p.  42,  pi.  10,  figs.  1, 1  a,  b.  Cambrian. 

belli  Billings,  1860 ;  Canadian  Naturalist,  voL  5,  p.  311,  fig.  7.  Quebec. 

belli  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  403,  fig.  378. 

barabtienaia  Whitfield,  1878 ;  Ann.  Rept.  QeoL  Survey  Wisconsin,  1877,  p.  63. 

Lower  Magnesian. 

barabuenaia  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  201,  pi.  4,  figs.  6-9. 

Compare  Bathyurus  oapax  Billings. 
bilobatua  Hall  and  Whitfield,  1877 ;  U.  S.  GeoL  Expl.  40th  Par.,  p.  286,  pi.  2, 

fig.  36.  Potsdam. 
bilobatua  Walcott,  1884 ;  PaL  Eureka  Dist.,  Mon.  U.  8.  Geol.  Survey,  vol,  8, 

p.  40. 
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I>ikelocephaluB  oraaslinareinatnB  Whitfield,  1882;  Geol.  WisconsiD,  vol.  4,  p.344, 

pi.  27,  fig.  14.  Potsdam. 

Syo.,  pepinensia  (Hall),  16th  Bept.New  Tork  State  Cab.  Nat.  Hist.  ExpL,  pi.  11. 

fig.  2. 

?  coraz  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  344,  figs.  322  a,  b.  Quebec. 

Referred  to  Olenoideat  oorox  Waloott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  30, 

p.  184. 

orlstatus  Billings,  1860 ;  Canadian  Nataralisfc,  vol.  5,  p.  312,  fig.  10.  Quebec. 

criatatus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  404,  fig.  384. 

This  species  might  be  referred  to  the  genus  Dorypyge. 

devlnei  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  195,  figs.  180, 181.  Quebec. 

eatoni  Whitfield,  1878 ;  Ann.  Bept.  Geol.  Survey  Wisconsin,  1877,  p.  65. 

LfOwer  Magnesian. 
eatoni  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  202,  pi.  4,  figs.  11-17;  pi.  10, 

figs.  4, 5. 
?  expanaiiB  Waloott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

89,  pL  9,  fig.  19.  Cambrian. 
finalis  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  89, 

pi.  12,  figs.  12  a,b.  Pogonip. 
flabelllfer  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  227, 

pi.  2,  figs.  29, 30.  '         Potsdam. 

fiagrioaudus  White.    (See  Olenoldes  ?  flagrlcanda.) 

f  gothicuB  Hall  and  Whitfield.    (See  Dorypjge  gothioua.) 

hisingerl  Billings,  1865;  Pal.  Foss..  vol.  1,  p.  196,  fig.  182.  Quebec. 

Inexpeotans  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon,  U.  S.  Gteol.  Survey,  vol.  8, 

p.  90,  pi.  1,  fig.  10.  Pogonij*. 

f  U>uwMi9  Owen.    (See  CrepioephalnB  iowenslB  (Owen)  Walcott) 

lole  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  43, 

pi.  10,  fig.  19.  Cambrian. 

latifrons  Shumard,  1863;  Trans.  Acad.  Sci.  St.  Louis,  vol.  2,  p.  101.     Potsdam. 

lodensia  Whitfield,  1880;  Ann.  Kept.  Geol.  Survey  Wisconsin,  1879,  p.  51. 

Potsdam. 
lodensia  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  188,  pi.  10,  fig.  14 ;  p.  341, 

pi.  27,  figs.  12, 13. 
magnlficiiB  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  307,  fig.  5  (Remoplcu- 

rides  magnifies  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  294).  Quebec. 

magnlfiona  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  399,  fig.  376. 

?  marcoui  Whitfield,  1884 ;  Bull.  Am.  Mus.  Nat.  Hist.  New  York,  vol.  1,  p.  150, 

pi.  14,  fig.  7.  Potsdam. 

Referred  to  Olenoides  marcoui  WbIcoU,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30, 

p.  186,  pL  26,  figs.  5,5  a,  b. 
maiica  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  44, 

pi.  10,  fig.  1.3.  Cambrian. 

megalop  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  311,  fig.  9.  Quebec. 

megalop  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  403,  fig.  380. 

miniscaensis.    (See  Ptychaspis  miniscaenBis.) 

minneBOtenais  Owen;  Cambrian. 

A  very  large  sp.  Aaaphus  Owen,  1848 ;  Rept.  Gool.  Reconnoissance  Chippewa 
Land  Dis.,  p.  15,  pi.  7,  figs.  2, 3. 
minnesotenaia  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minne-  * 

sota,  p.  574,  pi.  1,  figs.  2, 10;  pi.  10,  figs.  3,  6. 
mlxmesotenalB  Hall,  1863;  16th  Rept.  New  Tork  State  Cab.  Nat,  Hist.,  p.  138, 

pi.  9,  figs.  5-10 ;  pi.  10,  figs,  10-12 ;  pi.  11,  figs.  1-4,  6. 

Pull,  63 8  • 
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Dikelocephalus  minnesoteiuiiB  var.  limbatnB  Hall,  1863;  16th  R^t.  New  York 

State  Cab.  Nat.  Hist.,  p.  141,  pi.  9,  fig.  12.  ' 
minneBotensis  var.  Hall,  1863;  16th  Rept.  New  York  Stat«  Cab.  Nat.  HUfc.,  p. 

141,  pL  9,  fig.  11;  pL  10,  fig.  9. 

minnesotenais  Winchell,  1864 ;  Am.  Joar.  Soi.,  2d  series,  vol.  37,  p.  229. 

minneaotensis  Whitfield,  1882 ;  Geol.  Wisoonsin,  vol.  4,  p.  187,  pi.  3,  fig.  1. 

misa  Hall,  1863;  16th  Rept.  State  Cab.  Nat.  Hist.,  p.  144,  pi.  8,  fig.  15;  pi.  10, 

figs.  4-8.  Potsdam. 

missisquoi  Billings,  1865;  PaL  Fosa.,  vol.  1,  p.  199.  Quebec. 

mamcinctUB  Hall  and  Whitfield,  1877  ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p. 

220,  pi.  2,  fig.  .37.  Potsdam. 
naautUB  Walcott,  1884 ;  Pal.  Eureka  Dist,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  40, 

pi.  10,  fig.  15.  Cambrian. 
osceola  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  146,  pi.  7, 

fig.  49;  pi.  10,  fig.  18.  Potsdam. 
osceola  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  40, 

pi.  9,  fig.  25. 

oweni  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  310,  fig.  8.  Quebec. 

oweni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  402,  fig.  379. 

pauper  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  200. '  Quebec. 

pepinenaia  Owen,  1852 ;  Rept.  G^l.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  574,  pi.  1,  figs.  9,  9  a ;  pi.  1  a,  fig.  7.  Potsdam. 
pepinenaia  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  142,  pL  9, 

figs.  1-4;   pi.  10,  figs.  13-17.    (Expl.,  pi.  11,  fig.  2.    See  Dicellooephalos 

craasimarginataa. ) 

pepinenaia  Winchell,  1864 ;  Am.  Jour.  Sci.,  2d  series,  vol.  37,  p.  229t 

planifrona  Billiugs,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  309,  fig.  6.      Quebes. 

planifrona  Billings,  1865 ;  Pal.  Foes.,  vol.  1,  p.  401,  fig.  377. 

quadriceps .    ( See  Dorypy ge  quadriceps. ) 

richmondensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  GeoUSurvey,  vol. 

8,  p.  41,  pi.  10,  fig.  7.  Cambrian. 

roemeri  Shnmard,  1861 ;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  220.         Potsdam. 

seleotus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  199.  '     Quebec. 

seleotus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  198.    (See  Ptychaapia  seleotus.) 

spiniger  Hall,  18G3 ;  IGth  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  143,  pi.  10, 

figs.  1,2, 3  (T).  Potsdam. 

wahsatchensia.    (See  Olenoides  wahsatohensis.) 

Dionide  Barrande,  1847 ;  Neues  Jabrbuch  fiir  Mineral.,  vol.  4,  p.  391. 
Type,  Dionide  formosa  Barraude. 

Syn.,  Dione  Barrande;  Notice  Pr^im.  Sil.  Syst.  Boh6me,  p.  33. 
Polytomurus  Corda,  1847 ;  Prodr.,  p.  153. 

?  perpleza  Billings,  1866 ;  Catalogue  Sil.  Foss.  Antioosti,  p.  67. 

Dipleura  Green,  1832;  Mon.  Tril.  North  America,  p.  79.     (See  Homalonotns  de- 

kayi.) 
Discranurus  Conrad,  1841 ;  5th  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  4S.    (See 

Acidaapia  hamata. ) 
Dolichometopua  Angelin,  1854 ;  PalsDont.  Scand.,  p.  72. 
Type,  Doliohometopus  svecicus  Ang. 

?  convezus  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  269,  fig.  253.  Quebec. 

?  gibbemilus  Billings,  1865 ;  Pal.  Foss. ,  vol.  1 ,  p.  269,  fig.  254.  Quebec 

?  rams  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  352,  fig.  308.  Quebec 

Dorypyge  Dames,  1884 ;  China  (Richthofen),  vol.  4,  p.  23. 
Type,  Dorypyge  richthofeni  Dames. 

[Dikelocephalusi  cristatus  Billings,  1865 ;  Pal.  F^ss.,  vol.  1,  p.  404, fig.  384. 

Cambrian, 
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Dorypyge  IDikeloof^halMf]  gothicus  Hall  and  Whitfield ,1877;  U.  8.  Qeol.  Expl. 

40th  Par.,  vol.  4,  p.  242,  pi.  1,  fig.  36.  Potedam. 

gotMcus  Dames,  16"'4;  Chiua  ( Rich thofen),  vol.  4,  p.  23. 

IDiceUocephalu^fi  gothicus  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.GeoI. 

Survey,  vol.  8,  p.  45,  pi.  9,  fig.  24.    Referred  to 
lOUnoides']  gothicus  Walcott,  1«86 ;  Boll.  U.  S.  Geol.  Survey,  vol.  30,  p.  187,  pi. 

29,  figs.  1, 1  a-c. 
iDikelocephalusI  quadriceps  Hall  and  Whitfield,  1877 ;  U.  S.  Geol.  Expl.  40th 

Par.,  vol.  4,  p.  240,  pi.  1,  figs.  37-40.  Cambriau. 
iIHceUocephalus'\  quadriceps  Walcott,  1884;  Pal.  Eureka  Dist.,  Mod.  U.  S.  GeoL 

Survey,  vol,  8,  p.  45,  pi.  9,  fig.  24. 

quadriceps  Dames,  1884;  China  (Richthofen),  vol.  4,  p.  23.    Referred  to 

[  0?«ioufe«]  quadriceps  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  187,  pi. 

29,  figs.  1, 1  a-c. 
Dysplanus  Burmeister,  1843;  Organization  of  Trilobites  (Ray  Soc.  ed.,p.  205). 

Type,  Dysplanus  centrottts  Dalman. 
Zniipsocephalus  Zenker,  1833 ;  Beitrage  Naturgeschiohte  der  Urwelt,  p.  51. 
Type,  ElHpsocephalus  hoffi  Bronn. 

ourtus  Whitfield,  1878;  Ann.  Rept.  (Jeol.  Wisconsin,  1877,  p.  58.  Potsdam. 

curtus  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  191,  pi.  1,  fig.  18. 

Bliptocephalus  Emmons,  1844 ;  Taconic  Syst.,  p.  21,  tigs.  1-3. 

asaphoides.    (See  Olenellus  asaphoides  Emmons.) 

Embolimus  Rominger,  1887 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  16.    (See  Zacanthoides 

Walcott.) 

rotundaia,    (See  Bathyuriscus  howelli. ) 

spinosa,    (See  Olenoides  spinosus.) 

Enciinurus  Emmrich,  1844 ;  Znr  Naturg.  Trilobiten,  p.  16. 
Type,  Encrinums  punctatus  Briinnich. 

americanus  Vogdes,  1886 ;  Des.  New  Crust.  Clinton  Group  Georgia,  p.  1. 

Clinton. 

americanus  Foerste,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  102. 

deltoideus  Shumard,  1855 ;  Geol.  Missouri,  p.  198,  pi.  B,  fig.  10. 

Upper  Silurian. 
—  ICrppionymus'i  deltoideus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  21. 

deltoideus  Foerste,  1887 ;  Bull.  D'^nison  Univ.,  vol.  2,  p.  102. 

egani  Miller,  1879 ;  Jour,  Cincinnati  Soc.  Nat.  Hist.,  vol.  2,  p.  254,  pi.  15,  figs. 

1,  1  a,  b.  Niagara. 

elegantulus  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  62. 

elegantulus  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  102. 

excedrensis  Safford.    (See  Enorinurus  varioostatus  Walcott.) 

Syn.,  excedrensis  Safford,  1869 ;  Geol.  Tennessee,  p.  290. 

mirus  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  292,  fig.  282.  Quebec. 

{,Crtfptonymus'\  mirus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  34. 

[Ampkion']  multisegmentatus  Portlook,  1843;  Geol.  Londonderry,  etc.,  p.  291, 

pi.  3,  fig.  6. 

multisegmentatus  Salter ;  Mem.  Geol.  Survey  United  Kingdom,  decade  7,  pi.  4. 

multisegmentatus  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  61. 

iCryptanyvius']  multisegmentatus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  29. 

nereus  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  375,  pi.  21, 

fig.  15.  Niagara. 
nereus  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  425,  pi.  21, 

fig.  15. 

[  Cryptonymusl  nereus  Vogdes,  1878 ;  Mon.  Genera  Zethus,  etc.,  p.  24,  pi.  3,  fig.  17. 

omatus  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  154,  pi.  7,  fig.  16. 

Niagara. 
Syn.,  Cybelepunotata  Hall,  1852 ;  Pal,  New  York,  vol,  9,  p.  297,  pi.  A  66,  figs,  I  a-k. 
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Encrinnnu  ICryptonymus]  omatus  Vogdes,  1^8;  Mon.  Genera  Zethas,  etc.,  p.  23. 

omataa  Poerete,  1887 ;  Ball.  Denisoa  Univ.,  vol.  2,  p.  102. 

punotatua  (BrUnnich)  Billings,  1866;  Catalogue  8il.  Foas.  Anticosti,  p.  61. 

threaherl  Foerate,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  101,  pi.  8,  fig.  26. 

Clinton. 

—  trentonenaia  Walcott,  1877 ;  Advance  sheets  31st  Rept.  New  York  State  Mns. 

Nat.  Hist.,  p.  15.  '  Trenton. 
trentonenaia  Walcott,  1879;  31st  Rept.  New  York  State  Mns.  Nat  Hist.,  p. 

68. 

lCryptanymu$'\  trentonenaia  Vogdes,  1878;  Mon.  Genera  Zethns,  etc.,  p.  28. 

'  ▼axicoatatua  Walcott,  1877  ;  Advance  sheets  31st  Rept.  New  York  State  Mus. 

Nat.  Hist.,  p.  16.  Trenton. 

▼ariooatatna  Walcott,  1879 ;  3l8t  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  69. 

[Cr.v2>toitymM«J  ▼arlcoatatua  Vogdes,  1878;  Mon.  Genera  Zethu8,etc.,p.27. 

variooatatua  Saiford  and  Vogdes,  1889;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  167, 

figure. 

f  CcroMrw]  vigilana  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  245,  pi.  65,  figs.  2  a-2  h. 

Trenton. 
ICeraurus}  vigilana  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  217,  pi.  15, 

figs.  2  a-2  c. 
ICrypUmymus]  Tigilana  Vogdes,  1878;  Mon.  Genera  Zethns,  etc.,  p.  29,  pi.  2, 

figs.  2  a-2  h. 
Endpmion  Billings,  18G2;  Pal.  Foss.,  vol.  1,  p.  94.    Changed  by  author  to  Bndy- 

mlonia. 
Bndymionia  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  281. 

meeki  Billings,  1862  ;  Pal.  Foss.,  vol.  1,  pp.  94  and  281,  fig.  84.  Qnebec 

Griffithidea  Portlock,  1843;  Geol.  Rept.  Londonderry,  etc.,  p.  310. 

Type,  Gfifflthides  longiceps  Portlock. 
IPMlUpsia  (Grifflthide8)'\  bufo  Meek  and  Worthen,  1870;  Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  52.  Keokuk. 
IPhillipsia  (Griffithides)'\  bufo   Meek  and  Worthen,  1873;  Geol.  Survey  Illinois, 

voL  5,  p.  528,  pi.  19,  fig.  5. 

bufo  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  95,  pi.  3,  figs.  4, 5, 10. 

-« —  IProetus]  gtanulatUB  Wetherby,  1881 ;  Jour.  Cincinnati  Soo.  Nat.  Hist.,  vol.  4, 

p.  31,  pi.  2,  6gs.  8,  8  a,  9,  9  a.  Chester. 

granulatUB  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  101. 

IPkillipsia  (Griffiikides  f)]  lodi^nais  Meek.     (See  Brachymetopsia  lodlenaia.) 

IPhilUpiia  (GHffithid€8)-\  portlockl  Meek  and  Worthen,  1865;  Ptoc.  Aoad.  Nat. 

Sci.  Phila.,  p.  268.  Keokuk. 
[Phillipiia  {Griffithide8)'\  portlocki  Meek  and  Worthen,  1873 ;  Geol.  Survey  Illi- 
nois, vol.  5,  p.  525,  pi.  19,  fig.  6. 
portlocki  Walcott,  1^84;  Pal.  Enieka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

266,  pi.  24,  figs.  4,4  a,  b. 
porUockl  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  93,  pi.  3,  fig.  9. 

IPkUlipsia  iGriffithide$f)'\  aangamonenaia  Meek  and  Worthen,  1865;   Pruc. 

Acad.  Nat.  Sci.  Phila.,  p.  270.  Coal  Measuru*. 
[PkilUpHa  {Griffithides  f)]  aangamonenaia  Meek  and  Worthen,  1873;  Geol.  Snr- 

vey  niinois,  vol.  5^  p.  615,  pi.  32,  fig.  4. 
iPhillipHa  (GH#tAW«»f)]  aangamonenaia  White,  1883;  13th  Rept.  Dept.  Geol. 

Nat.  Hist.  Indiana,  p.  174,  pi.  39,  figs.  4, 5. 
lPhUUpBia'\  aangamonenaia  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  Gl, 

pi.  5,  fig.  13. 
[Griffithides^  aangamonenaia  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4, 

p.  99,  pi.  3,  figs.  7, 8. 

—  IPhillipsia  ( GHffithid€9)}  aoitula  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat,  Sci. 

Fhaa.,p.870,  Coal  Meaeuree* 
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Oriffithides  IPhillipaia  (Griffithidea)']  scitula  Meek  and  Worthen,  1873;  GeoL  Purvey 
Illinois,  vol.  5,  p.  612.  pi.  32,  fig.  3. 

iPhiUipna  {OHffithides)]  soitula  While,  1883;  13th  Ann.  Kept.  Dept.  Geol.  Nat. 

Hist.  Indiana,  1882,  p.  173,  pi.  39,  figs.  6-9. 
lPkilUp8ia'\  floitola  Meek,  1872;  U.  8.  Geol.  Survey  Territories,  Final  Kept.  Ne- 
braska, p.  238,  pi.  6,  fig.  9. 

IPhilUpaia'i  scitula  Herrick,  1887  ;  Bull.  Denison  Univ.,  vol.  2,  p.  62. 

acitula  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  97,  pi.  2,  figs. 

11-13. 

?  sedalienflds  Vogdes,  1888;  Trans.  New  York  Acad.  Sci.,  vol.  7,  p.  249. 

Waverly. 

IPhofthonideatl  sedaliensis  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  3,  p.  57. 

Harpes  Goldfnss,  1839 ;  Nova  Acta  Acad.  Loop.  Carol.,  vol.  19,  p.  358. 
Type,  Uarpes  ungula  Sternb. 

antiquatua  BilUugs,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  469,  fig.  38.     CUazy. 

antiquatuB  Billings,  1863 ;  Qeol.  Canada,  p.  133,  fig.  67. 

oonauetUB  Billings,  1866;  Catalogue  Sil.  Foss.  Anticosti,  p.  64. 

dentoni  Billings,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  36,  figure.  Trenton. 

dentoni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  183,  fig.  166. 

eoanabisB  Hall,  1851 ;  Rept.  Geol.  Lake  Superior  Land  Dist.  (Foster  and  Whit- 
ney), pt.  2,  p.  211,  pi.  27,  fig.  2  a.  Trenton. 

granti  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  326,  fig.  314. 

ottawenais  Billings,  1865  ;  Pal.  Foss.,  vol.  1,  p.  182,  fig.  166.  Trenton. 

Harpidea  Beyrich,  1846 ;  Untersuch.  Trilobiten,  p.  34. 

atlantions  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  281,  fig.  267.  Quebec. 

ooncentricuB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  282,  fig.  268.  Quebec. 

?  desertUB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  333,  fig.  321.  Quebec. 

Hausmannia  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  xzxi.    (Subgenus,  see  Dalsia- 

nites.) 
ffemicrupturus  Green,  1832;  Mon.  Tril.  N.  A.,  p.  20. 

clinioni,    (See  Calymene  clintoni  Vanuxem.) 

HolometopUB  Angel  in,  1854 ;  Pabeont.  Scand.,  p.  58. 
Type,  Holometopus  aoiculatuSj  pi.  33,  fig.  5. 

angelini  Billings,  1862 ;  Pal.  Foss..  vol.  1,  p.  95,  fig.  85 ;  also  p.  281.  Quebec. 

Homalonotus  Koenig,  1820;  Icones  Foss.  Sectiles,  p.  4. 
Type,  Homalonotiis  knighti  Koenig,  pi.  7,  fig.  85. 

Syn.,  Brongniartia  Eaton,  1832;  Geological  Text  Book,  p.  32,  pi.  2,  fig.  20  (in 
part). 
Dipleura  Green,  1832;  Mon.  Tril.  N,  A.,  p.  78;  Monthly  Am.  Jour.  GJeology, 

p.  560. 
Tritnerus  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  81 ;  Monthly  Am.  Jonr.  Geology^ 

p.  560. 
PUBsiacamia  Conla,  1847;  Prodr.,  p.  171. 
Brogniartia  Salter,  1865 ;  Mon.  Brit.  Tril.,  p.  104  (subgenus). 
Burmeisteria  Salter,  1865 ;  Mon.  Brit.  Tnl.,  p.  105  (subgenus). 
Koenigia  Salter,  1865;  Mon.  Brit.  Tril.,  p.  104  (subgenus). 

{^A$aphu4']  cornigerus  (Schlotheim)  Brong.,  1822;  Crust.  Foss.,  p.  18,  pi.  4,  fig.  10 

(not  pi.  2.  fig.  1). 

{^ABaphvs]  cryptuniB  Green,  1834;  Trans.  Geol.  Soc.  Pennsylvania,  vol.  1,  p.  37, 

pi.  4.  Devonian. 

iJsaphua  f  ]  orypturuB  Green,  1835 ;  Snppl.  Mon.  Tril.  N.  A.,  p.  18,  cast  41. 

Syn.,  Asaphus  ditmaraicd  Honoyman,  1879;  Proc.  Nova  Scotia  Inst.,  vol.  5,  p.  18. 

lAaapkusf]  orypturuB  Honeyman,  1888;  Proc.  Nova  Scotia  Inst.,  vol.  7,  pt.  1, 

p.  63. 
dawBoni  Hall,  1860;  Canadian  Naturalist,  vol.  5,  p.  155.  Silurian. 
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Homalonotoa  dawBonl  DawfioD,  1878;  Acadian  Geology  (3d  ed.)*  p'  606.  fig.  214. 

IDlpleura'l  dekayi  Green,  1832 ;  Men.  Tril.  N.  A.;  p.  79, casta  30, 31,  pi.  1,  figs.  8, 9. 

Hamilton. 
Syn.)  Nuttainia  aparsa  Eaton,  1832 ;  Geological  Text  Book,  p.  34. 
Nuttainia  aparsa  Green,  183S ;  Mon.  Tril.  N.  A.,  p.  89,  cast  35. 

IDipleural  dekayi  Vanuxera,  1842;   Geol.  New  York,  3d  Geol.  Dist.,  p.  150, 

fig.  1. 

[Dipleura'i  dekayi  Hall,  1843;  Geol.  New  York,  4tli  Geol.  Dist.,  p.  205,  fig.  1 

dekayi  Emmons,  1860 ;  Manual  Geology,  pp.  146, 147,  figs.  134, 135. 

dekayi  Hall,  1861 ;  Des.  New  Species  Foss,  p.  85. 

dekayi  Hall,  1862 ;  15th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  113. 

dekayi  Hall,  1877;  Illas.  Devonian  Foes.  Crust.,  pis.  2-^. 

dekayi  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  7,  pi.  2,  figs.  1-12 ;  pi.  3,  figs.  1-6 ; 

pi.  4,  figs.  1-7 ;  pi.  5,  figs.  1-4. 
ITrimerus']  delphlnocephalus  Green,  1832;  Monthly  Am.  Joar.  C^l.,  vol.  1,  p. 

559,  pi.  0,  fig.  1.  Niagara. 

— ^  [Trimerit«]  delphiuooephalus  Green,  1832;  Mon.  Tril.  N.  A.,  p.  82,  pL  1,  fig.  1, 

(!ast  32. 

ITrimerus'i  delphinooephaluB  Harlan,  1835;  Trans.  Geol.  Soc.  Pennsylvania, 

vol.  1,  p.  105. 
Syn.,  Brongniariia  plati/cephala  Eaton,  1832;  Geol.  Text  Book,  p.  32,  pi.  2;  fig.  20. 
Brongniartia platyoephala  Green,  1832;  Mon.  Tril.  N.  A.,  p.  91.        , 
Ogygiea  laiisima  Eaton,  183i  ;  Am.  Jonr.  Sci.,  Ist  seri^,  vol.  21,  p.  136  (foot- 
note). 

delphlnocephalus  Mnrchison,  1839 ;  Sil.  Syst.,  p.  651,  pi.  7  bi«,  figs.  1  a,  1  b. 

Syn.,  Ahrtndii  Roemer,  1843;  Verst.  Harzzebirges,  p.  39,  pi.  11,  fig.  5. 

delphlnocephaluB  Hall,  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  103,  fig.  34. 

delphlnocephalus  Yemeuil,  Note  sur  la  parall^lisme,  etc.,  p.  47. 

Syn.,  atlas  Castelnan,  1643;  Syst.  Sil.  de  I'Am^r.p.  20. 
giganteuM  Castelnan,  1843 ;  Syst.  SiL  de  TAm^r. 
herculanem  Castelnan,  1843 ;  idem. 

delphinocephalns  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  309,  pi.  68,  figs.  1-14. 

delphinocephalns  Salter,  1865 ;  Mon.  Brit.  Tril.,  p.  113,  pi.  11,  figs.  1-10. 

delphinocephalns  Hall,  1883;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana, 

1882,  p.  332,  pi.  34,  figs.  17, 18. 

delphinocephalns  ?  Hall,  1875 ;  28th  Rept.  New  York  State  Mas.  Nat.  Hist.,  pi. 

34,  figs.  17, 18. 

delphinocephalns  Hall,  1879 ;  28th  Rept.  New  York  State  Mas.  Nat.  Hist.,  p.  187, 

pi.  32,  figs.  17, 18. 

ITrimerus}  jacksoni  Green,  1837 ;  Am.  Joar.  Sci.,  1st  series,  vol.  32,  p.  347. 

Devonian. 

major  Whitfield,  1885 ;  Ball.  Am.  Mas .  Nat.  Hist.',  vol.  1,  No.  6,  p.  193,  pi.  22. 

Oriskany. 

major  Hall,  1888 ;  Pal.  New  York,  vol .  7,  p.  4,  pi.  5  a,  fig.  1. 

▼anuzemi  HaU,  1859 ;  Pal.  New  York,  vol.  3,  p.  352,  pi.  73,  tigs.  9-14. 

Lower  Helderberg. 

vannxemi  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  11,  pi.  5  b,  figs.  1,2. 

Hopolichas  Dames,  1877;  Zeitscbr.  Deatsoh.  geol.  Gesell.,  1872,  p.  794. 

Type,  Lichas  {Hopolichas)  trioutpidata  Beyrich. 
niaennms  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  176. 
Type,  lUanurui  quadratua  Hall. 

oonvexns  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Sarvey  Wisconsin,  1877,  p.  66. 

Lower  Magnesian. 

convezns  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  203,  pi.  4,  figs.  3-5. 

eurekensis  Walcotk,  1884 ;  Pal.  Eareka  Dist.,  Mon.  U.  S.  Geol.  Sarvey,  vol.  8,  p. 

97,  pi.  12,  figs.  4, 4  a.  Digi^i.^d  by  CjOOg  l^ogonip. 
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nisennniB  quadratus  Hall,  1863 ;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  176, 
pi.  7,  figs.  52-57.  Potsdam. 

Ill2enu8  Dalman,  1826 ;  Palxead.,  p.  50. 

Type,  Illcenus orassicauday  Wahl.,Nova  Acta  Soc.  Sclent.  Upsal.,  vol.  8,  p.  8,  pi.  2, 

figs.  5, 6  (not  pi.  7,  iigs.  5, 6,  Illcenus  esmarJd), 
S jn. ,  Actinolohus  Eich wald,  1860. 
Aleeste  Corda,  1847. 

Cryptonymus  Eiohwald,  1825  (in  part),  not  Cryptonymus  Eiohwald,  1840. 
Deucalion  Stocbegloff,  1827. 
EcUlUenus  Salter,  1866  (subgenus). 
Hyirolcenu9  Salter,  1866  (subgenus). 
Illamopsis  Salter,  1865  (subgenus). 
0€tUlamu9  Salter,  1866  (subgenus). 
Tkaleops  Conrad,  1843. 

ambignns  Foerste,  1885 ;  Bujl.  Denison  Univ.,  vol.  1,  p.  106,  pi,  14,  figs.  9  a,  b ; 

fig.  10  a,  b,  c ;  fig.  11.  Clinton. 

ambigaiiB  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  94. 

ambtgauB  Foerste,  1686;  15th  Ann.  Kept.  Geol.  Nat.  Hist.  Survey  Minnesota,  p. 

480,  fig.  3. 

amerlcanns  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  371.  Trenton. 

amerlcanuB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  329,  fig.  316a-d ;  fig.  318. 

angoBticolliB  BilliDgs,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  377,  fig.  10  a-d. 

Ti-enton. 

aroturuB  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  23,  pi.  4  hU,  fig.  12. 

Chazy  and  Trenton. 

arotums  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  235,  pi.  3,  fig.  12. 

arctums  (Hall)  Billings,.  1859 ;  Canadian  Naturalist,  vol.  4,  p.  379. 

aroturus  Billings,  1865  ;  Pal'.  Foss.,  vol.  1,  p.  279,  fig.  265. 

annatUB  Hall,  1867;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  330,  pi.  22, 

figs.  1.2.  Niagara. 

armataa  Hall,  1870 ;  20th  Eept.  New  York  Stat©  Cab.  Nat.  Hist.,  p.  418,  pi.  22, 

figs,  1,2;  pi.  25,  fig.  22. 

annatUB?  Hall,  1875;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  pi.  32,  fig% 

19,20. 

armataB?  Hall,  1879;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  189,  pi.  32, 

figs.  19, 20. 

armatUB  Hall,  1883 ;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1882,  p.  335, 

pi.  34,  figs.  19,20 ;  pi.  33,  fig.  12. 

barrleiiBiB  (Muroh.)  Hall;  Trans.  Albany  Inst.,  vol.  4,  p.  227;  abstract,  p.  33, 

May,  1863. 

barrienBiB  (March.)  Roemer,  1860;  Die  sil.  Fauna  W.  Tennessee,  p.  83,  pi.  5, 

fig.  23.  Niagara. 

IBumasius}  barrienBiB  (Murch.),  1839;  Sil.  Syst.,  p.  656,  pi.  7  &w,  figs.  3  a-d, 

pi.  14,  fig.  7  (in  part). 

barrienBiB  Salter,  1859;  Murchison's  Silaria  (2d.  ed.),  pi.  17,  figs.  9-11. 

bayfieldi  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  369,  figs.  4-6.       Chazy. 

1 clavifrona  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  379. 

Chazy  and  Trenton. 

oonifrona  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  378,  figs.  7-9.    Trenton. 

conradi  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  372,  figs.  7-9.    (See  Pan- 

deria  oonradi.)  Trenton. 

oonaimiliB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  277,  figs.  263  a-c ;  p.  331,  fig.  317. 

Compare  Illwnus  esmarki  Sohlotheim.  Quel»ec. 

oonBobrinnB  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  280,  fig.  268;  p.  332,  fig.  320. 

Quebec. 
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nisen-OA  comigeniB  Hall,  1S72;  24tli  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  186, 

pi.  13,  figs.  20, 21.  Clinton. 
iEntomQ$tracete$'\  oraaaicauda  Wahlenberg,  1821;  Nova  Acta  Soc.  Solent.  Upsal., 

vol.  8,  p.  27,  pi.  2,  figs.  5, 6  (not  pi.  7,  figs.  5, 6). 
craaaioauda  Holm,  1882;  Svenska  Vet.-Akad.  Handl.,  vol.  7,  No.  3,  pi.  2, 

figs.  21-27. 
craaaicauda?  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  24,  pi.  4  W«,  fig.  13;  pi.  60, 

figs.  4  a-d. 
oraaaioauda  (Wahl.)  Meek  and  Worthen,  Geol.  Survey  Illinois,  vol.  3,  p.  322, 

pi.  3,  figs.  1  a-1  b. 
Compare  Jlkenm  conHmilis  and  I,  esmarokii. 
cuniculua  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  377,  pi.  22, 

fig.  12.  Niagara. 
CTinlculua  Hall,  1870 ;  20tb  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  421,  pi.  22, 

^g.  12  (rev.  ed.). 

daytonenaia  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  119,  pi.  5,  figs.  14-16. 

Clinton. 
daytonenaia  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  104,  pi.  14,  figs.  4  a, 

b ;  figs.  6,  7, 7  a.  b,  c. 

dajTtonenaia  Foerste,  1887;  Ball.  Denison  Univ.,  vol.  2,  p.  93,  pi.  8,  figs.  1-7. 

fratamua  Billings,  1865;  Pal.  Foss.,  voL  1,  p.  276,  figs.  262  a.b.  Quebec 

globoana  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  367,  figs.  1-3.       Chazy. 

IBumaatnsI  graftonensia  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila., 

p.  54. 
IBumasUu}  graftonenaia  Meek  and  Worthen,  1875 ;  Geol.  Survey  Illinois,  vol. 

6,  p.  508,  pi.  25,  fig.  4. 

grandia  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  380.  Hudson  River. 

•— ^herrioki  Foerste,  1886;  15th  Ann.  Rept.  Geol.  Nat.  Hist.  Minnesota,  p.  479, 

fig.  2.  Trenton. 

imperator  Hall,  1861 ;  Rept.  Progress  Geol.  Survey  Wisconsin,  p.  49.     Niagara. 

imperator  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  332,  p^  22, 

figs.  15-17;  pi.  23,  figs.  2,3. 
-;—  imperator  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  420,  pL 

22,  figs.  15-17  ;  pi.  23,  figs.  2, 3. 

imperator  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  306,  pi.  21,  figs.  4, 5. 

incertua  Billings,  1865;  Pal.  Foss.,  vol.  1.  p.  332,  fig.  319.  Quebec. 

indeterminatna  Walcott,  1877 ;  Advanced  sheets  3l8t  Rept.  New  York  State 

Mus.  Nat.  Hist.,  p.  19.  Trenton. 

indeterminatna  Walcott,  1879 ;  31st  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  70. 

inaignia  Hall,  1867  ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  .'Wl,  figs.  5, 

6,  pi.  22,  figs.  13,  14. 

IBumastuB'i  inaignia  Salter,  1867;  Mon.  Brit.  Tril.,  p.  207. 

- —  inaignia  HaU,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist,,  p.  331,  figs.  5, 6; 

pi.  22,  figs.  13, 14. 
Inaignia  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  419,  figa.  10, 

11;  pL  22,  figs.  13, 14. 

lBurna$iu8']  inaignia  Meek,  1873  ;  Pal.  Ohio,  vol,  1,  p.  189,  pi.  15,  figs.  5a-c. 

inaignia  Holm,  1882 ;  De  Svenska  Art.  Tril.  lUaenus,  p.  127. 

Inaignia  Whitfield,  1882 ;  Geol.  Wisconsis,  vol.  4,  p.  305,  pi.  21,  figs.  6-10. 

inaignia  Foerste,  1886;  15th  Ann.  Rept.  Geol.  Nat.  Hist.  Survey  Minnesota,  p. 

481. 
ioxua  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  378,  pi.  22,  figa. 

4-10.  Niagara. 
lBuma8tu8'\  ioxua  Hall,  1670;  20th  Rept.  New  York  State  Cab.  Nat.  Hiat.,  p. 

420,  pi.  22,  figs.  4-10. 
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nisenus  IBumastusli  iozus  Hall,  1883;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  In- 
diana, 1882,  p.  335,  pi.  38,  figs.  13, 14. 

iozns  Whitfield,  1882 ;  GeOl.  Wisconsin,  vol.  4,  p.  304,  pi.  21,  figs.  11, 12. 

[  Bumastus]  Iojcub  Hall,  1883 ;  Trans.  Albany  Inst.,  vol.  10,  p.  76. 

latidonata  Hall,  1847 ;  Pal.  New  York,  toI.  1,  p.  230,  pi.  60,  figs.  6  a,  b.    Trenton. 

madiflonlaniiB  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  307,  pi.  20,  figs.  8,9. 

Niagara. 
madisonianua  Foerste,  1885;  BaU.  Denison  Univ.,  vol.  1,  p.  106,  pi.  14,  figs.  1 

a,  b  and  2  a,  b. 

madiBonlanna  Foerste,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  93,  pi.  8,  figs.  8-10. 

Clinton. 

milleri  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  375,  fig.  10.         Trenton. 

milleri  Waloott,  1877;  Advance  sheets  3l8t  Bept.  N.  Y.  State  Mas.  Nat.  Hist., 

p.  20. 

milleri  Walcott,  1879 ;  31st  Rept.  N.  Y.  State  Mus.  Nat.  Hist.,  p.  71. 

INileusI  minnesotenais  Foerste,  1886 ;  15th  Ann.  Rept.  Geol.  Minnesota,  p.  476, 

fig.  1.  Trenton. 

miagarensii  Whitfield,  1880 ;  Ann.  Rept.  Geol.  Wisconsin,  1879,  p.  69.        Niagara. 

Name  changed,  by  request  of  the  Wisconsin  Geological  Survey,  from  lUcenut 

niagarensis  to  dasniiB  madiaonianiis.     Explanation  omitted  by  accident  in 

the  Final  Report  Pal.  Wisconsin,  p.  307. 

orbicandatna  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  379.  Hudson. 

IThaUops]  ovatiui  Conrad,  1843;  Proc.  Acad.  Nat.  Sci. Phila.,  vol.  1,  p.  332. 

Trenton. 
IThaJeopt  (lUamus)}  ovatns  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  259,  pi.  67,  figs- 

6a-b. 

ovatus  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  238,  pi.  5,  figs.  1, 2. 

pomatia  Salter,  1867;  Mon.  Brit.  Tril.,  pi.  27,  figs.  6, 7. 

pterocepbalna  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Wisconsin,  1877,  p.  87. 

Niagara 

»pterooephaliiB  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  309,  pi.  20,  figs.  10-12. 

flimnlator  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  337,  figs.  315  a,  b.  Quebec. 

taunia  Hall,  1861 ;  Rept.  Prog.  Geol.  Survey  Wisconsin,  p.  49.  Niagara. 

tauins  Meek  and  Worthen,  1865 ;  Geol.  Survey  Illinois,  vol.  3,  p.  320,  pi.  3,  fig.  2. 

lBuma8tu8'\  trentonensis  Emmons,  1642 ;  Geol.  New  York,  3d  Geol.  Dist.,  p.  390 

fig.  1.  Trenton. 
IBufnastus'i  trentonensis,  1854 ;  7th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  64, 

fig.l. 
IBuwuutm']  trentonensis  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  215,  pi.  15, 

fig.  13. 

trentonensis  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  230,  pi.  60,  fig,  5. 

tomidifrons  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  278,  fig.  264.  Quebec. 

vindez  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  179,  fig.  160.  Chazy. 

[^Buwuutual  worthenanns  Winchell  and  Marcy,  1866 ;  Mem.  Boston  Soc.  Nat. 

Hist.,  voL  1,  pt.  1,  p.  105,  pi.  3,  fig.  13  (referred  by  Hall,  20th  Rept.  New  York 

State  Cab.  Nat.  Hist.,  to  Illcmus  amiatus  Hall). 
l9olei%9  De  Kay,  1825;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  1,  p.  174. 

canalis.    (See  Asaphns  canalis.) 

egelaps,    (See  Asaphns  platyoephalus.) 

gigas.    (See  Asaphns  platyoephalus.) 

maximua.    (See Asaphns maximns) 

megahps  Green,  1832;  Mon.  Tril.  N.  A.,  p.  70,  oast  75. 

megiitos,    (See  Asaphns  maximus.) 

pUUjfo^hdlus*    ( See  Asaphns  platyoephalus. ) 

planui.    (See  Asaphus  platyoephalus.) 
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J/iofei  tts  siegops .    ( See  Asaphus  platyoephalus. ) 

vigilam .    ( See  Asaphus  vigilans. ) 

Licbas  Dalnian,  1826 ;  Palaead.,  pp.  53, 71,  pi.  6,  fig.  1. 
Type,  Lichaa  laciviatus  Wahlenberg. 

Syn.,  Platynotus  Conrad,  183^;  Geol.  Survey  New  York,  Kept.  Pal.  Dept.,  p.  118. 
Arges  Goldfnss,  1839  (in  part). 

Mctopiaa  Eichwald,  1842 ;  Die  Urwelt  Russ.,  p.  62,  pi.  3,  figs.  21-23. 
AcHnuruB  Castelnau,  1843 ;  Syst.  Sil.  de  TAm^r.^p.  21. 
Nuitainia  Portlock  and  Emmrich. 
Corsfdocephalus  Corda,  1847  ;  Prodr.,  p.  255. 
Dicranopeltis  Corda,  1847 ;  Prodr.,  p.  257. 
Acanthopyge  Corda.  1847 ;  Prodr.,  p.  260. 
DiaranoymuB  Corda,  1847;  Prodr.,  p.  261. 
Subgenera,  EoploHchM  DBmes,  1877;  Zeijtschr.  Dentsch.  geol.  Ge8ell8ch.,1877,p. 
794. 

Type,  Hoplolichas  tricuspidata  Beyrich. 
ConoUchaa  Dames,  1877;  Zeitschr.  Dentsoh.  geoL  G«sellsch.,  1877,  p.  806. 
Type,  ConoUckaa  wquiJoba  Steinhardt. 

armaius  Hall.    (See  Acidaspis  erlopis  Hall.) 

bigsbyi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  364,  pi.  77,  figs.  1-8. 

Lower  Helderberg. 

[  Conolichai'i  bigsbyi  ?  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  80,  pi.  19  a,  fig.  1. 

[ParadoxideB]  boltoni  Bigsby,  1825;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  4,  p.  365, 

plate.  Niagara, 

IParadoxides'i  boltoni  Green,  1832 ;  Monthly  Am.  Jour.  Geol.,  etc.,  vol.  1,  p.  560, 

pi.  1,  fig.  5. 

\_Paradoxlde9'\  boltoni  Green,  1832 ;  Mon.  Tril.  North  America,  p.  60,  pi.  1,  fig.  5. 

IParadoxidea]  boltoni  Harlan,  1834 ;  Trans.  Geol.  Soc.  Penn.,  vol.  1,  p.  103, 

[Paradoxides'i  boltoni  Harlan,  1835 ;  Med.  and  Phys.  Researches,  p.  303. 

[Platynoiub'i  boltoni  Conrad,  1838 ;  Rept.  Pal.  Dept.  Geol.  Survey  New  York, 

p.  118. 

lActinurus^  boltoni  Castelnau,  1843 ;  Syst.  Sil.  de  I'Am^r.,  p.  21,  pi.  3,  fig.  3. 

boltoni  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  311,  pi.  69 ;  pl.  70,  figs.  1  a-i. 

boltoni  Meek  and  Worthen,  1875;  Geol.  Survey  Hlinois,  vol.  6,  p.  508,  pl.  25, 

fig.  5. 
boltoni  var.  occidentalis  Hall,  1^63;  Trans.  Albany  Inst.,  vol.  4,  p.  223;  ab- 
stract, p.  29. 

boltoni  var.  oocidentalis  Hall,  1875 ;  28th  Rept.  New  York  State  Mus.  Nat. 

Hist.  Expl.,  p.  34,  figs.  8-11. 

boltoni  var.  occidentalis  Hall,  1879;  28th  Rept.  New  York  State  Mns.  Nat. 

Hist.,  p.  198,  pl.  34,  tigs.  8-11. 

boltoni  var.  occidentaUs  Hall,  1883;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist. 

Indiana,  1882,  p.  3.34,  pl.  36,  figs.  8,  11, 12  (T). 

breviceps  Hall,  1863 ;  Trans.  Albany  Inst.,  vol.  4,  p.  222;  abstract,  p.  28. 

Niagara. 

breviceps  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  156,  pl.  6,  fig.  17. 

breviceps  Hall,  1875;  28th  Rept.  New  York  State  Mus.  Nat,  Hist.  Expl.,  pl.  34, 

figs.  1-7. 

breviceps  Hall,  1879 ;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  197,  pl.  34, 

figs.  1-7. 

breviceps  Hall,  1883;  12th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  1882,  p. 

343,  pl.  36,  figs.  1-7. 

breviceps  Foerste,  1885 ;  Bull.  Denison  Univ.,  vol.  1,  p.  112,  pl.  13,  figs.  2, 6  a,  b. 

Clinton. 
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Lichas  brevicepg  Foersto,  1887  ;  Bull.  Deiiison  Univ.,  vol.  2,  p.  98,  pi,  8,  figs.  18, 19. 
Not  Lichas  hrevicepa  Hall,  1867  ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 
377,  pi.  21,  figs.  12-14;  also  rev.  ed.,  p.  424,  pi.  21,  figs.  12-14.    (See  Lichas 
emarginatus.) 

canadensis  Btllings,  1866;  Catalogue  Sil.  Fobs.  Anticosti,  p.  65.  fig.  22. 

champlainensis  Whitfield^  1886 ;  BulL  Am.  Mus.  Nat.  Hist.  Now  York,  vol.  1,  No. 

8,  p.  342,  pi.  23,  figs.  6-8.  Birdiseye. 

lArges'i  contusus  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p,  83,  pi.  19  b,  figs.  3-6. 

(Jpper  Ilelderberg. 

cnculluB  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  8ci.  Phila.,  p.  266. 

Trenton. 

cncullus  Meek  and  Worthen,  1866;  Geol.  Survey  Illinois,  vol.  3,  p.  999,  pi.  1, 

figs.  6  a-c. 

decipiens  Winchell  and  Marcy,  1,866;  Mem.  Boston  Soc.  Nat  Hist.,  voL  1,  pt  1, 

p.  104,  pi.  3,  fig.  11.  Niagara. 

[Ceraiolicha8'\  draoon  Hall,  1868 ;  Pal.  New  York,  vol.  7,  p.  85,  pi.  19,  figs.  14-17. 

Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  19,  figs.  2, 3.      Upper  Helderberg. 

emarginatna  HaU,  1879;  28th  Kept.  New  York  State  Mus.  Nat.  Hist.,  p.  199. 

Niagara. 
Syn.,  Lich<i8  breviers  Hall;  20th  Rept.  New  York  State  Qoib,  Nat.  Hist.,  p.  377, 
pi.  21.  figs.  12-14,  rev.  ed.,  p.  424,  pi.  21,  tigs.  12-14. 

erlopis,  Hall.  Upper  Helderberg. 

S}u.,  Lichas  armatus  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  81. 

Lichas  arviatus  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 
109. 

eriops  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  226. 

IJcidaspis  (Teraiaspis)']  eiiops  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  19, 

figs.  4-7, 10, 11. 

lAddaspis  {Teraiaspisf)]  sp.  T  Hall,  1876;  Hlus.  Devonian  Foss.  Crust.,  pi.  19, 

fig.  12. 

[ConolicJias'}  eriops  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  78,  pi.  19  a,  figs.  2-13, 

15, 16. 

grandis  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  82.  Upper  Helderberg. 

grandis  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  110. 

grandis  Hall,  1863  ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  223.     (Sub- 
genus Td'ataspis,) 
Syn.,  Huperbus  Billings,  1875;  Canadian  Naturalist,  vol.  7,  p.  ^39. 

[Acidaspis  (Ttrataspis)^  grandis  Hall,  1876;  Illos.  Devonian  Foss.  Crust.,  pis. 

17, 18. 

—  [Terataspis'l  grandis  Hall,  1888;  Pal.  New  York.  vol.  7,  p.  73,  pi.  17,  figs.  1-6; 

pi.  IH,  figs.  1.2;  pi.  19,  figs.  1-7. 

—  iCeratoUchas'i  grandis  Hall,  1888 ;   Pal.  New  York,  vol.  7,  p.  84,  pi.  19  b,  figs. 

7-13. 

—  lCi}ratolicha8'\  gryps  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  84,  pi.  19  b,  figs. 

:-13. 

haiiisi  Miller,  1878;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  1,  p.  106,  pi.  3,  fig.  9. 

Hudson. 

—  lAddaspis  n.  sp.  f ]'Hall,  1876 ;  Hlus.  Devonian  Foes.  Crust.,  pi.  19,  fig.  1  (not  figs. 

2,-3).  Upper  Helderberg. 

—  [Conoliohas-]  hispidus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  77,  pi.  19  a,  figs.  14, 

17,  18. 
Syn.,  lAcidaspis  (Terata8pi8)'\  eriops  Hall,  1876;  Hlus.  Dev.  Foss.,  pi.  19,  figs.  8, 9. 

Upper  Helderberg. 

—  [Hoplol%chas'\  hylaens  Hall,  1888 ;  Pal.  New  York.  vol.  7,  p.  81,  pi.  19  b,  figs.  1, 2. 

Upper  Helderberg. 

—  inkesi  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  282,  fig.  200;  also  p.  335,  fig.  323. 
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Lichas minganensis  Billings,  IS&'y;  Pal.  Foss.,  vol.  1,  p.  181,  figs.  163 a, b. 

Chazy  and  Trenton. 

nereus  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  226. 

Niagara. 
obviu«  HaU,  1870;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  424,  pi.  25, 

fig.  19.  ^  .     Niagara. 

iCkilymene]  phljctanodes  Green,  1837 ;  Am.  Jonr.  Sci.,  Ist  series,  vol.  32,  p.  167. 

Niagara. 
lArgcB]  phlyotanodea  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  314,  pi.  70,  figs. 

2a,c. 
[  IHcranogmus]  ptyononu  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  86,  pi.  19  b,  figs. 

19-21.  Niagara. 
pugnax  Wincbell  and  Marcy,  1866;  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  I,  pt.  1, 

p.  103,  pi.  3,  fig.  10.  Niagara. 
pugnax  Hall,  1H67 ;  20th  Kept.  New  York  State  Cab.  Nat  Hist.,  p.  393  (rev.  ed., 

p.  424,  pi.  25,  tig.  20). 
pustuloaus  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  366,  pi.  77,  figs.  9-12 ;  pi.  78, 

figs.  ^-6,  fig.  7  CT).  Lower  Helderberg. 

puBtuloaus  Hall,  1876 ;  Illus.  DevoDiaD  Foss.  Crust.,  pi.  19,  fig.  13. 

[Conolichas'i  puatuloaus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  80,  pi.  19,  figs. 

8,  10,  11. 
auperbnt  Billings,  1875;  Canadian  Natnfalist,  n.  s.,  vol.  7,  p.  239.    (See  Lichas 

grandis.)  Corniferoas. 
[Jsaphusf]  trentonensiB  Conrad,  1842;  Jour.  Acad.  Nat.  Sci.  Phila.,  vol.  8,  p. 

277,  pi.  16,  fig.  16.  Trenton. 
[Platynotua'i  trentonensia  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  235^  pL  64,  figs. 

1  a-e. 

trentonenaia  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  127. 

Lloydia  Vogdes,  1889  (generic  name  for  Bathyurm  hiinberoulatuB^  Billings  for  It-s  type). 
Loganellus  Devine,  1863;   Canadian  Naturalist,  vol.  8,  p.  95.    (See  Ptychoparia, 

Creplcephalus,  andOlenua.) 
logani  Devine,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  95.    (See  Ptyohoparia 

logani.) 

iOlenusf^  logani  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  201,  figs.  185, 186. 

quebecensid  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  203.    (See  Ptychoparia  logani. ) 

Lonohocephahis  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  576.    (See  Anomocare  liamuluB'(Owen)  Dames.) 
Megalaapia  Angelin,  1852;  PalsBont.  Scand.,  p.  15. 
Type,  MegaJaspis  gigas  Aug.,  pi.  12,  fig.  3. 

belenmuruB  White,  1874 ;  Rept  .Invert.  Foss.,  etc.,  p.  11.  Quebec. 

belemnuruB  White,  1877;  Geog.  Sur.  W.  100th  Meridian,  Pal.,  vol,  4,  p.  59, 

pi.  3,  fig.  9. 
lA$aphu8  {megla8p%a)'\  goniocema  Meek,  1873;   6th  Ann.  Rept.  Geol.  Survey 

Territories,  1872,  p.  480.  Quebec. 

Menocephalua  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

p.  577. 
Dr.  D.  D.  Owen  refers  one  species  to  this  genus,  Menocephalus  minne»otenH8, 

pi.  1,  fig.  11,  which  has  a  highly  arched  and  hemispherical  glabella. 

globoaoa  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  317,  figs.  17-19. 

Quebec. 

globoaua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  408,  figs.  388  a-c. 

minneaotenaia  Owen,  1852 ;  Rept.  Geol.  Survey  Wisconsin,  Iowa,  and  Miune* 

sota,  p.  577,  pi.  1,  fig.  11.  Cambrian. 

aalteri  Billings,  1863;  Canadian  Naturalist,  vol.  8,  p.  210,  figure.        Cambrian. 

aalteri  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  203,  fig.  187. 


Digitized  by 


Google 


vooDiB]  CATALOGUE   OF   TRILOBITES.  125 

MenooepbaliiB  salterl?  Bominger,  1888;  Proc.  Acad.  Nat.  Sci.  Phila.,  pi.  16,  pi.  1, 

fig.  6. 

sedgwicki  Billing,  1860 ;  Canadian  Naturalist,  voL  5,  p.  316,  fig.  16.     Quebec. 

aedgwlcki  Billings.  1865 ;  Pal.  Foss.,  vol.  1,  p.  407,  fig.  387. 

Meaonacis  Walcott,  1885;  Am.  Jour.  Sci.,  3d  series,  vol.  29,  p.  329. 

lOleuusI  vermontana  Hall,  1859;  12th  Kept.  New  York  State  Cab.  Nat.  Hist., 

p.  60,  figure.  •  Cambrian. 

lOlenusI  ▼ermontana  Hall,  1859 ;  Pal.  New  York,  vol,  3,  p.  527,  figure* 

IParadoxides'i  vermonti  JSmmons,  1860 ;  Manual  Geology,  p.  280  (note  A). 

IParadoxides'}  vermontana  Barrande,  1861  ;  Bull.  Soc.  G6ol.  France,  2d  series, 

vol.  18,  p.  277;  pi.  5,  fig.  8. 

[  ParadoxidcB  ]  ▼ermontana  Billings,  1861 ;  Geology  Vermont,  vol.  2,  p.  950. 

IBarrandial  vermontana  Hall,  1861 ;  ISth  Kept.  New  York  State  Cab.  Nat. 

Hist.,  p.  117,  figure. 
IBarrandia]  vermontana  Hall,  1861 ;  Geol.  Vermont,  vol.  1,  p.  370,  pi.  13,  figs. 

2,  4,  and  5. 

IParadoxides']  vermontana  Billings,  1863 ;  Geol.  Canada,  p.  953. 

[  Olenellusli  vermontana  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  114. 

lOleneUua'i  vermontana  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  10, 

lOlenellus]  vermontana  Whitfield,  1884;  Bull.  Am.  Mus.  Nat.  Hist.  New  York, 

vol.  1,  p.  152,  pi.  15,  figs.  2-4. 

vermontana  Walcott,  1885;  Am.  Jour.  Sci.,  3d  series,  vol.  29,  p.  329,  figs.  1,2. 

vermontana  Walcott,  1885 ;  Ni^tnre,  vol.  32,  p.  68. 

vermontana  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  158,  pi.  24, 

figs.  1  a,  b. 
SCicrodlBCUB  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  116, 

Type,  Microdieous  speoiosM  Ford. 
belli-marginatiiB  Shaler  and  Foerste,  1888 ;  Bull.  Mus.  Comp.  Zool.  Harvard 

Coll.,  vol.  16,  p.  35,  pi.  2,  fig.  19.  Cambrian. 

connezuB  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  194,  pi.  1,  figs.  4-4  b. 

Cambrian. 

dawBoni  Hartt,  1868 ;  Acadian  Geology,  p.  654,  fig.  228.  St.  John. 

Mr.  Hartt  originally  described  this  species  under  the  new  generic  name  of 
Dawaaniaf  but  on  Mr.  £.  Billings^s  authority  the  species  was  referred  to  MicrO' 
discuB  in  the  Acadian  Geology. 

dawaoni  Whiteaves,  1878;  Am.  Jour.  Sci.,  3d  series,  vol.  16,  p.  225. 

dawaoni  Walcott,  1884 ;  BuU.  U.  S.  Geol.  Survey,  No.  10,  p.  23,  pi.  2,  figs.  3, 3  a. 

lAgno9tus-i  lobatus  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  258,  pi.  67,  figs.  5  a-f. 

Potsdam. 
IJgnostua'i  lobatus  Rogers,  1858;  Geol.  Survey  Pennsylvania,  vol.  2,  p.  820, 

fig.  614  (1-4). 
—*-  lobatoB  Ford,  1873;  Am.  Jour.  Sci.,  3d  series,  vol.  6,  p.  135  (foot-note). 

lobatua  Walcott,  1886  ;]Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  156,  pi.  16,  figs.  1, 1  a,  b, 

lobatua  Shaler  and  Foerste,  1888 ;  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol. 

16,  p.  36,  pi.  2,  fig.  13. 

meeki  Ford,  1876;  Am.  Jour.  Sci.,  3d  series,  vol.  11,  p.  .371.        Lower  Potsdam. 

meeki  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  155,  pi.  16,  fig.  4. 

parkexl  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  157,  pi.  16,  figs.  2, 2  a. 

Middle  Cambrian. 

pulchelluB  (Hartt  MS.)  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  24. 

St.  John. 
punctatOB  Salter,  1864 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  20,  p.  237,  pi.  13, 

fig-  11.  St,  Joh». 

. —  punptatua  Whiteaves,  1878;  Am.  Jour,  Sci.,  34  aeries,  vol,  16,  p,  ^, 


Digitized  by  CjOOQ  IC 


126  A   BIBLIOGRAPHY   OF   PALEOZOIC   CRUSTACEA,  [Buu-ia. 

MiorodiscuB  punctatUB  W&lcott,  1864;  Boll.  U.  S.  Geol.  Sarrey,  No.  10,  p.  24,  pi.  2, 

figs.l,  la-c. 

quadricoBtattiB  Emmons,  It^ ;  Am.  Geology,  vol.  1,  pt.  2,  p.  116,  pi.  1,  fig.  8. 

Toconic. 

qoadricoBtatUB  Emmous,  1860;  Mantial  Geology,  p.  88,  fig.  73. 

quadricoBtatoB  BarraDde,  1861 ;  Boll.  Soc.  G^ol.  France,  2d  series,  vol.  18,  p. 

280,  pi.  5,  figs.  13  a,  b. 

BpeoioBOB  Ford,  1873 ;  Am.  Jour.  Soi.,  8d  series,  vol.  6,  p.  137,  figs. 2  a,  b. 

Potsdam. 

BpeoioBUB  Ford,  1877  ;  Am.  Jour.  Sci.,3d  series,  vol.  13,  p.  147. 

BpecioBUB  Ford,  1879;  New  York  Tribune  Extra,  Sept.  2, 1879,  fig.  2. 

BpeoioBUB  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  154,  pi.  16,  figs.  3, 

NileuB  Dalman,  182G ;  PalsBad.,  p.  246  (German  trans.,  p.  49). 
Type,  Nileus  armadillo  Dalman. 

affinlB  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  275,  figs.  261  a,  b.  Quebec. 

macrops  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  273,  fig.  259;  Quebec. 

scrutator  Billings,  1865 ;  Pal.  Fobs.,  vol.  1,  p.  274,  fig.  260.  Quebec. 

Nuttania  Eaton,  1832  (in  part);  Geological  Text  Book, p. 33.    (See  Trinuoleus  and 
Homalonotus.) 

concenlrica  Eaton,  1632 ;  Geological  Text  Book,  p.  34,  pi.  1,  fig.  2. 

sparm  Eaton,  1832 ;  Geological  Text  Book,  p.  34. 

Odontocephalu8  Conrad,  1840 ;  3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p.  204. 

IDalmanites  {Odonioc4^halu8)'i  Hall  and  Clarke,  1888;  Pal.  New  York,  vol.  7. 

p.  xxxiii. 

I  can  not  do  Justice  to  this  genus  without  giving  a  brief  historical  sketch, 
which  dates  back  to  1781.  During  this  year  M.  T.  Brilnnich  (Beskrivelse  over 
Trilobiten,  Nye  Samling  af  det  Kong.  Dauske  Vidensk.  Skrifter,  vol.  1,  p.  392, 
pi.  0,  figs.  1 , 2)  published  a  description  of  a  fossil  Trilobite  from  Coalbrook  Dale 
under  the  name  of  TriJobus  eaudaius.  As  this  Trilobite  in  after  years  had  many 
generic  names^  I  give  a  translation  of  the  original  description  for  the  use 
of  students.  The  author  figures  the  head  and  pygidium  of  Trilohu9  oatidafuB 
and  remarks:  ''As  I  was  not  fortunate  enough  to  obtain  a  complete  speci- 
men of  the  entirely  unknown  fossil,  but  only  broken  parts,  I  can  not  distinctly 
describe  its  size  or  number  of  rings;  however,  the  annexed  figures  show 
the  distinct  features  of  this  species  and  their  peculiar  morphology.  The  size 
of  the  fossil  at  its  anterior  bend  is  If  inches,  the  front  piece  outside  of  the 
crust  is  i  inch,  its  total  length  34  inches;  the  broken  back  part,  consisting 
of  about  sixteen  rings,  is  1  inch  in  length  to  the  tail,  the  latter  being  1  inch 
long.  The  head  shield  is  surrounded  by  a  fiat-shaped  edge,  which  terminates 
in  an  opright  protuberance  with  a  tongue  rounded  anteriorly.  The  sbdl 
shows  various  elevations  separated  by  transverse  furrows.  The  eyes  on  the 
side  of  the  shell  are  very  protruding,  semilunar  in  form,  and  faceted  afte#  the 
eyes  of  insects.  On  the  head-shield  may  be  seen  some  small  nodes,  which 
are  also  visible  on  the  first  ring  and  on  some  of  the  others.  The  tail  di- 
minishes in  breadth  and  terminates  in  a  narrow,  long,  and  pointed  projec- 
tion." 

The  first  systematic  writer  (Brongniart,  Crust.  Foss.,  p.  22)  included  this 
species  under  his  genus  JsaphuSt  and  it  was  so  classified  until  1844,  when  Dr.  H. 
F.  Emmrich  (Zur  Morphologie  der  Trilobiten,  p.  15,  pi.  1,  fi«T.  1)  proposed  the  new 
generic  term  of  Dalmania  for  it.  Unfortunately  this  term  was  then  preoccupied 
for  a  genus  of  the  Diptera.  Dr.  H.  F.  Emmricli's  work  was  well  known  in 
Europe,  having  appeared  in  two  separate  German  editions,  and  also  in  English 
(Scient.  Mem.,  vol.  4,  pt.  14, 1847). 

In  the  year  1847  A.  J.  C.  Corda  (Prodr. ,  p.  208,  pi.  5,  fig.  56)  changed  Emmriob^s 
generic  name  to  Odontochile^  a  preoccupied  term  in  natural  history.    This  name 
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was  only  used  by  one  other  author  (McCoy,  Auual^ Nat.  Hist.,  London,  vol.  4, 
1849),  all  others  asing  Dalmania  or  its  modified  form,  Dalmanitea  (Barrande). 

In  1840  Milne-Edwards  (Crnst.,  pp.  306,  .339)  proposed  the  name  of  Pleura^ 
cantkiM  for  Califmene  arachnoidea  Goldfuss,  and  Dr.  Goldfass  that  of  Aoaale 
(Neues  Jahrbuoh  fUr  Mineral.,  1843,  p.  511)  for  such  forms  as  Calymenedoumingiw 
Mnroh. 

In  America  a  typical  species  {Dalmanitea  Hmulurua)  has  heen  classed  by  all 
Araerioan  writers  either  under  Dalmania  or  its  modified  form,  but  other  species 
properly  of  this  genus — that  is,  if  we  do  not  desire  to  overburden  generic  classi- 
fication— have  been  given  new  generic  names.  The  first  was  an  obscure  fossil 
described  by  Dr.  Jacob  Green  (Am.  Jour.  So*.,  1st  series,  vol.  32,  p.  343)  as  Cry- 
pluBds  boothif  a  generic  term  preoccupied  for  a  genus  of  the  Coleoptera  at  the 
time  it  was  used  by  Dr.  Green.  The  second  species  consists  of  a  poorly  figured 
tail,  described  and  figured  by  Prof.  Amos  Eaton  (Geological  Text  Book,  p.  31, 
pi.  1,  fig.  1)  as  48aphu8  aelenurusj  and  by  Dr.  Jacob  Green  nnder  the  name  of 
Calymene  odoniocepkala  (Am.  Jour.  Sci.,  1st  series,  vol.  25,  p.  334).  Prof.  Amos 
Eaton's  description  was  drawn  from  the  tail  of  the  fossil  and  Dr.  Jacob  Green's 
from  the  head. 

Mr.  T.  A.  Conrad  in  1840  (3d  Ann.  Rept.  Pal.  Dept.  New  York  Geol.  Survey,  p. 
204)  procured  a  perfect  specimen  of  this  Trilobite  and  united  the  two  species 
under  a  new  generic  name,  Odoniocephalua  aelenuruaj  taking  Dr.  Jacob  Green's 
specific  name  for  the  genus,  and  that  of  Prof.  Amos  Eaton  for  the  species. 

The  generic  characteristics  consist  of  a  series  of  incisor-like  denticulations 
bordering  the  frontal  margin  of  the  head,  and  a  pygidium  with  two  terminal 
spines. 

Hall  and  Clarke  (1888,  Pal.  New  York,  vol.  7,  p.  xsziii)  use  the  term  as  a 
subgenus  to  Dalmanitea, 

If  we  follow  the  strict  rule  of  priority  and  set  aside  the  preoccupied  name 
Dalmania  or  Dalmanitea  for  that  of  Odontocephalua  Conrad,  we  take  for  a  generic 
name  a  term  indicating  a  denticulated  cephalic  shield,  which  is  confined  to  a 
special  group  and  miscall  such  species  ae  the  well  known  type  Dalmanitea 
eaudatus. 

We  would  therefore  suggest,  not  only  in  honor  of  the  learned  SweiUsh  author 
on  Trilobites,  but  also  through  courtesy,  that  the  generic  name  of  Dalmanitea 
be  retained. 
Odontocephalua,    (See  Dalmanitea  [  Odontocepnalua'i  selenuruB,  D.  lOdoniocephalual 

bifidens,  D.  I  Odontocephalua']  segeria,  and  D.  [Odontocephalua'}  coronatus. 
Ogygia  Brongniart,  1822 ;  Crust.  Foss.,  p.  26. 

Type,  Aaaphm  huchii  Brongniart,  pi.  2,  figs.  3  a-c. 

[Aaaphua]  barrandl  Hall,  1851 ;  Rept.  GeoL  Lake  Superior  Land  Dist.  (Foster 

^  and  Whitney),  pt.  2,  p.  210,  pi.  27,  figs.  1  a-d ;  pi.  28.  Birdseye. 

{^Aaapkua}  barrandl  Hall,  1862;  Geol.  Wisconsin,  vol.  1,  p.  41,  fig.  4. 

klotzi  Rominger,  1887;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  12,  pi.  1,  fig.  1. 

Cambrian. 

klotsi  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  166. 

i^QVg^'i  l<iti9aimm  Eaton,  1832;  Am.  Jour.  Sci.,  vol.  21,  p.  136,  foot-note. 

lOgygea]  latiaaimua  Eaton,  1832;  Geol.  Text  Book,  p.  33  (Homalonotua  delphi- 

nooepbus). 

parabola  HaU  and  Whitfield,  1877 ;  U.  S.  Geol.  ExpL  40th  Par.,  vol.  4,  p.  245,  pi. 

2,  fig.  35.  Cambrian. 

?  problematioa  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8,  p.  63,  pi.  10,  figs.  2  a,  b  and  4.  Cambrian. 

prodnota  Hall  and  Whitfield,  1877  ;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  234, 

pi.  2,  figs.  31-34 ;  also  p.  245,  pi.  2,  fig.  35.  Cambrian. 

. lyiohe]  producta  Brogger,  1886;  Qm  alderen  af  Qlenellus  zonce  i  Nordamerika, 

p.  211. 
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Ogygla  lBaihyurl8cu9'i  prdduotua  Walcott,  1886;  Bull.  U.  S.  Gteol.  Survey,  No.  30,  p. 

217,  pi.  30,  figu.  1, 1  a-i. 
Syn.,  Ogygia  parabola  (H.  &  W.)  Walcott,  1888;  idem,,  p.  217. 

serrata  Rominger,  1837 ;  Proc.  Aoad.  Nat.  Sci.  Phila.,  p.  13,  pi.  1,  figs.  2, 2  a. 

Cambrian. 
f  spinoaa  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  GeoL  Survey,  vol.  8,  p. 

63,  pi.  9,  fig.  22.    (See  Olenoidda  apinosa  Walcott. ) 

vetuatua  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  227,  pi.  60,  fig.  1.  TrentoB. 

vetuatua  Emmona,  1856;  American  Geology,  vol.  1,  pt.  2,  p.  216,  fig.  72. 

Olenellua  Hall,  1861 ;  Dee.  N.  Species  of  Foss.,  published  in  advance,  15th  Rept. 

State  Cab.,  p.  86.    Hall,.  1862 ;  15th  Rept.  State  Cab.  Nat.  Hist  Albany,  p.  114. 
Type,  OlenellHB  Ihompsoni  Hall. 

lElHptocfphala']  aaaphoidea  Emmons,  1844 ;  Taoonic  System,  p.  21,  figs.  1-3. 

Cambrian. 
lElUptooephala^  aaaphoidea  Emmons,  1846;  Agric.  New  York,  vol.  1,  p.  65,  figs. 

1-3. 

[Oleniw]  aaaphoidea  Hall,  1847 ;  Pal.  New  York,  vol.  1,  p.  236,  pi.  67, figs,  2 a,  c. 

[OfefiiM]  aaaphoidea  Fitch,  1849;  Trans.  N.  Y.  State  Agric.  Soc.,  vol.  9.  p.  H65. 

lEllipiooephalus'i  aaaphoidea  Emmons,  1849;  Proc.  Am.  Assoc.  Adv.  Sci.,  1st 

meeting,  p.  18. 
—^IBliptocq^halutl  aaaphoidea  Emmons,  1855;  Am.  Geology,  vol.  1,  pt.  2,  p.  114, 

figs.  1-3,  pi.  1,  fig.  18. 

IParadoxides'i  aaaphoidea  Emmons,  1860;  Manual  Qeology,  pp.  87,280. 

IParadoxideBl  aaaphoidea  Barrande,  1861;  Bull.  Soc.  0^1.  France,  2d  series, 

vol.  18,  p.  273,  pi.  5,  figs.  4.5. 

I0lenu8'i  aaaphoidea  Ford,  1871 ;  Am.  Jour.  Sci.,  3d  series,  vol.  2,  p.  33. 

lEUiptooepkalui'i  aaaphoidea  Ford,  1877 ;  Am.  Jour.  Sci.,  3d  series,  vol.  13,  p. 

266,  plate,  figs.  1-10. 

lEUiptooephalus'l  aaaphoidea  Ford ;  Am.  Jour.  Sci.,  3d  series,' vol.  15,  p.  129. 

aaaphoidea  Ford,  1881 ;  Am.  Jour.  Sol,  3d  series,  vol.  22,  p.  250. 

aaaphoidea  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  168,  pi.  17,  figa.  4, 

8, 10 ;  pi.  20,  figs.  3, 3  a,  b ;  pi.  25,  fig.  8. 
gilberti  (Meek  MS.)  White,  1874;  Prelim.  Rept.  Invt.  Foss.  U.  S.  Geog.  and 

Geol.  Survey  West  100th  Mer.,  p.  7.  Potsdam. 

[Otewiw]  gUberti  Gilbert,  1875 ;  U.  S.  Geog.  Survey  West  100th  Mer.,  voL  3,  p.  182. 

gilberti  White,  1677;  U.  S.  Geog.  Survey  West  lOOtb  Mer.,  vol.  4,  p.  44,  pi.  2,  figs. 

l,3a-e. 
gilberti  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p,29, 

pi  9,  figs.  16, 16  a ;  pi.  21,  fig.  13. 
gUberti  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  170,  pi.  18,  figs.  1, 1 

a-c;  pi.  19,  fig.  2, 2  a-k;  pi. 20,  figs.  1, 1  a,  1  b,  4. 
howelli  (Meek  MS.)  White,  1874;  Prelim.  Rept.  Invt.  Foss.  U.  8.  Geog.  and 

Geol.  Survey  West  100th  Mer.,  p.  8.  Potsdam. 
[Omenta]  howelli  Gilbert,  1875;  U.  S.  Geog.  Survey  West  100th  Mer.,  vol.  3,  p. 

183. 
howelli  White,  1877;  U.  S.  Geog.  Survey  West  100th  Mer.,  vol.  4,  p.  47,  pi.  2 

figs.  4  a,  b. 
howelli  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  pp. 

29,  30,  pi.  9,  figs.  15a-b,  16-16 a;  pi.  21,  figs.  1-9. 
iddingsi  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL  8,  p. 

2H,  pi.  9,  fig.  12.  Cambrian. 

iddingai  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  170,  pi.  19,  fig.  1. 

IParadoxidea'i  macrocephalua  Emmons,  1860;  Manual  Geology,  p.  88,  fig.  70. 

1 [0/eniw]  thompsooi  Hall,  1859;  12th  Rept,  Ifew  York  Stftte  C^b,  Nat.  Hist.,  p. 

?7,  figure,  ^ambiian* 
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Olenellns  [OZaiiM]  thompsoni  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  525,  figure. 
IBarroMdia]  thompsoni  Hall,  1860 ;  13th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  116,  figure. 

IPixradoxidesI  thompsoni  Emmons,  1860 ;  Maunal  Geology,  p.  280,  note  A. 

IParadoxides'i  thompsoni  Barrande,  1861 ;  Bull.  Soc.  G<Sol.  France,  2d  series, 

vol.  18,  p.  276,  pi.  5,  fig.  6. 

[Faradoxides'\  thompsoni  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950. 

IBarrandia'i  thompsoni  Hall,  1861 ;  G^eol.  Vermont,  vol.  2,  p.  369,  pi.  13,  fig.  1. 

IFaradoxides'i  thompsoni  Billings,  1861 ;  Pal.  Foss.,  vol.  1,  p.  11  (pamphlet  pub- 
lished in  advance). 

thompsoni  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist,  p.  114. 

thompsoni  Billings,  1863 ;  Geol.  Canada,  p.  953. 

lOlenellusI  thompsoni  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  11. 

thompsoni  Whitfield,  1884;  Bull.  Am.Mus.  Nat.  Hist., New  York,  vol.  I,p.l51 

pi.  15,  figs.  1-4. 
thompitoni  Waloott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  167,  pi.  17,  tigs. 

1, 2, 4, 9 ;  pis.  22, 23.  figure. 

rermontana,    (See  Mesonacis  vermontana  (Hall)  Walcott.) 

Olenoides  Meek,  1877 ;  U.  S.  (?eol.  Expl.  40th  Par.,  Pal.,  vol.  4,  p.  25. 
Type,  Olenoides  nwadenaia  Mejdk. 

fordi  Walcott,  1887 ;  Am.  Jonr.  Soi.,  3d  series,  vol.  34,  p.  195,  pi.  1,  figs.  5,  5  b. 

Cambrian. 

flagricaudu8,    (See  Zacanthoides  flagricaudus.) 

levU  Walcott,  1886 ;  BuU.  U.  S.  Geol.  Survey,  No.  30,  p.  187,  pi.  25,  figs.  3-3  a. 

(See  Zacanthoides  levis.)  Cambrian. 

gothicus  (Hall  and  Whitfield)  Walcott.    (See  Dor3rp7ge  gothious.) 

?  marconi  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  186,  pi.  26,  fig. 

5-5  a,  b. 
IDikellooephalus  f ]  marooui  Whitfield,  1884 ;  Bull.  Am.  Mus.  Nat.  Hist.  New 

York,  vol.  1,  p.  150,  pi.  14,  fig.  7.  Cambrian. 

IParadoxidea f  ]  nevadensis  Meek,  1870 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  22,  p.  62. 

Middle  Cambrian. 
IParadoxidesfi  nevadensis  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Pal.,  vol. 

4,  p.  23,  pi.  1,  fig.  5i 

nevadensis  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  Pal.,  vol.  4,  p.  25. 

nevadensis  Walcott,  1886 ;  BuU.  U.  S.  Geol.  Survey,  No.  30,  p.  181,  pi.  25,  fig.  7. 

nevadensis  Walcott,  1888 ;  Am.  Jonr.  Sci.,  3d  series,  vol.  36,  p.  165. 

Syn.,  Ogygia  aerrata  (Rominger)  Waloott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.36, 

p.  165. 
lOUnoides'i  quadriceps  (Hall  and  Whitfield)  Walcott.    (See  Dorypyge  qnadrl- 

oeps.) 

epinoeuB,    (See  Zacanthoides  spinosus.) 

typioalis,    (See  Zacanthoides  typicalis,) 

lDikellooeph€aus'\  wahsatchensis  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.,  Pal.,  vol.  4,  p.  241,  pi.  1,  fig.  35. 
wahsatchensis  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  189,  pi.  29, 

figs.  2, 2  a.  Middle  Cambrian. 

Syn.,  lDikellocephaluer-\  gothious  (Hall  and  Whitfield)  Walcott,  1886;  BuU.  U.  S. 

GeoL  Survey,  No.  30,  p.  189. 

wahsatchensis  Walcott,  1888;  Am.  Jonr.  Sci.,  3d  series,  vol.  36,  p.  165. 

Olenns  Dalraan,  1826 ;  Pahead,  p.  226. 
Type,  Olenus  gihbosus  Wahlenberg. 

asaphoides,    (See  Olenellns  asaphoides.) 

%olopyga,    (See  Bathynotns  holopyga. ) 

loganL    (See  Ptyqhoparia  logani.) 

Bull.  63 9 
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*  Olenns  thompsoni.    (See  Olenelliu  thompsoni.) 

undulostriatus  Hall,  1847 ;  Pal.  New  York,  voL  I,  p.  258,  pL  67,  figs.  3  a,b. 

Hndsoo. 

utahenBis  Woodward,  1873 ;  Rept.  43d  Meeting  Brit.  Assoc.  Adv.  Sci. 

utahenais  Woodward,  lb7.S;  Geol.  Mag.,  vol.  10,  p.  523.  Cambrian. 

vermontana.    (See  Meaonacis  vermontana  Hall.) 

OrjctCQoephalua  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Surrey,  No.  30,  p.  210. 

primua  Walcott,  1886 ;  Bull.  U.  8.  Geol.  Survey,  No.  30,  p.  210,  pi.  29,  figs.  3.  3  n. 

Middle  CambriAu. 
Pagura  Emmons,  1860 ;  Manual  Geology,  p.  280. 

Dr.  E.  Emmons  uses  this  term  in  a  snbgeneric  sense  for  Paradoxides  [  Pagura^ 
quadriepitioaiu.  The  note  accompanying  the  Manual  of  Geology  does  not  indi- 
cate the  autbor*8  intentions  with  regard  to  the  genus  and  new  species.  It  w.ns 
probably  intended  for  Paradoxides  lPeltura'\  quadrispinoaiUf  a  synonym  of  in- 
tended Peltura  [07efitt«]  kolapyga  Hall,  12th  Rept.  New  York  State  Cab.  Nat. 
Hist.,  p.  61.  Emmons  figures  this  species  on  p.  80,  Bg,  57. 
Pandetia  Volborth ;  M6m.  Acad.  Sci.  St.-P^tersbonrg,  vol.  6,  p.  31. 
Type,  Panderia  triquetra  Volb.,  pi.  3,  fig.  13  ^t»,  17. 

[IlUBnuB]  oonradi  Billings,  1859 ;  Canadian  Naturalist,  vol.  4,  p.  372,  figs.  7-9. 

Trenton. 
For  other  references,  see  Ulcenus  canradi  Billings. 
Paradozidea  Brongniart.  1822:  Crust.  Foss.,  p.  30,  pi.  4,  fig.  1. 
Type,  Paradoxides  tessini  Brongniart. 
Syn.,  Plutonia  Salter,  1869;  Quart.  Jour.  Geol.  Soc.  London,  vol.  25,  p.  52. 

Plutonia  sedgwicki,  Quart.  Jour.  Geol.  Soc.  London,  vol.  27,  p.  399,  pi.  15, 
figs.  1-8. 

aoadicua  Matthew,  1882 ;  Trans.  Roy.  Soc.  Canada,  vol.  1,  p.  103,  pi.  9,  figs. 

16-18.  St.  John. 

acadiouB  Matthew,  1884 ;  Trans.  Roy.  Soc.  Canada,  vol.  2,  p.  99,  pi.  1,  fig.  I. 

acadicua  Walcott,  1^84 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  25,  pi.  6,  figs.  3-3  a. 

arcuatuft  Harlan.    (See  Trlarthrua  beckii.) 

barberi  Winchell,  1884 ;  13th  Rept.  Geol.  Nat.  Hist.  Survey  Minn.,  p.  65,  pi.  1, 

fig.  7.  •  Cambrian. 

hei^kii,    (See  Txiarthrua  beckii. ) 

bennetii  Salter,  1859 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  15,  p.  963,  figure. 

Cambrian. 

bennetii  Salter  and  Woodward,  1865 ;  Chart  of  Foss.  Crust.,  fig.  25. 

boltoni.    (See  Liohaa  boltoni. ) 

deconia  Billings,  1865 ;  Pal.  Foss.,  vol.  2,  p.  75.  Potsdam. 

oatoni.    (See  Triarthrua  beckii. ) 

eteminicoa  Matthew,  1882 ;  Trans.  Roy.  Soc.  Canada,  vol.  1,  p.  92,  pi.  9,  figs.  7-12. 

St.  John. 
Var.  suricoides  (figs.  4-6),  var.  breviatust  var.  maliciius  (fig.  13),  var.  pont^^ 
calis  (figs.  15, 15  a),  var.  quacoensis  (figs.  14,  14  a). 

etemlnlcua  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  27,  pi.  3,  figs.  1- 

la-g. 

harlani  Green,  1834 ;  Am.  Jour.  Sci.,  1st  series,  vol.  35,  p.  336.  Cambrian. 

harlani  Green,  1835 ;  Suppl.  Mon.  Tril.  N.  A.,  p.  14,  cast  39. 

harlani  Rogers,  1856;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  6,  pp.  27,40. 

harlani  Stodder,  1856;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  6,  p.  369. 

harlani  Rogers,  1856;  Am.  Jour.  Sci.,  2d  series,  vol.  22,  p.  297. 

Syn.,  apinoaus  Rogers,  1858;  Geol.  Pennsylvania,  vol.  2,  p.  816,  fig.  590. 

harlani  Ordway,  1861 ;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  8,  p.  1,  figure. 

harlani  Walcott,  18S4 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  45,  pi.  7,  fig.  3  j  pL 

8,  figs.  1,  1  a-c;  pi.  9,  fig.  1. 
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Paradozides  kjemlfi  (Linrs.)  Matthew,  1886;  Am.  Jour.  Sci.,  3d  series,  vol.  31,  p. 

471.  Cambrian. 

Referred  by  Holm  (Geol.  Foren.  Stockholm  FSrhandl.,  vol.  9,  1887,  hafte.  7, 

p.  1)  to  01enellu8  kjemlfi  Linnarsson,  pis.  14  an<l  15. 

lamellatUB  Hartt,  1868;  Acadiau  Geology,  p.  656,  fig.  230.  St.  John. 

lameUatus  Matthew,  1882 ;  Trans.  Royal  Soo.  Canada,  vol.  1,  p.  100,  pi.  1,  figs. 

3,4. 

lamellatUB  var.  loricatus  Matthew,  1882 ;  Trans.  Royal  Soo.  Canada,  vol.  1,  p. 

105,  pi.  9,  fig.  19. 
lamellatus  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  25,  pi.  3,  figs. 

2,2  a. 

maerocephalus.    (See  Olenellus  thompsoni  Hall.) 

micmac  Hartt,  1868 ;  Acadian  Geology,  p.  657.  St.  John. 

micmac  Matthew,  1884 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  101,  pL  10,  fig.  8. 

T  nev€ideim8,    ( See  Olenoides  nevadenais. ) 

quadrxspinosus,    (See  Bathynotua  qaadriaplnoaas.) 

tenellus  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  74,  fig.  43.  Potsdam. 

thompsoni,    (See  Oleuellua  thompsoni  Hall.) 

iriarthruB  Harlan ;  Trans.  Geol.  Soc.  Pennsylvania,  vol.  1,  p.  264,  pi.  15,'  fig.  5. 

(See  Triarthrus  beoki  Green . ) 

vermontana,    (See  Olenellus  and  Mesonacis.) 

"walootti  Shaler  and  Foerste,  1888 ;  Bull.  Mus.  Comp.  ZooL  Harvard  Coll.,  vol* 

16,  p.  36,  pi.  2,  fig.  12.  Cambrian. 

Peltora  Milne-Edwards,  1840;  Crust.,  vol.  3,  p.  344. 

(See  Pagura.) 

holopyge.    (See  Bathynotus  holopyge.) 

Pemphigaspis  Hall,  1863;  16th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  221. 
bollata  Hall,  1863;  16th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  221,  pL  5  a, 

figs.  3-5.  Potsdam. 

A  species  probably  of  the  genus  MicrodUcua, 
Phacops  Emmrich,  18^ ;  De  Trilobites,  etc.,  p.  18. 
Type,  Calymene  latifrone  Bronn. 

The  generic  term  Trimerooephalus  McCoy  has  been  used  by  authors  for  species 

like  Phacops  vo2(ortXi, compact  in  form ;  glabella  inflated  and  expanded  in  front; 

lobes,  except  the  basal  ones,  obscure ;  eyes  small  and  occupying  the  front  por- 
tions of  the  head ;  geual  angles  rounded ;  pleura  rounded;  pygidium  small,  with 

few  segments,  and  even  border. 

Jc(i«to  Goldfuss  for  such  species  as  Phaoops  douminffice  Murch.    Diagnosis: 

Glabella  not  inflated  nor  greatly  expanded  in  front ;  furrows  distinct ;  eyes 

well  developed,  with  numerous  lenses;   genal  angles  produced  into  spines; 

plenrs  rounded  or  truncate ;  pygidium  small  generally,  with  less  than  eleven 

segments ;  border  even,  but  sometimes  mucronate. 

[Ca/yntene]  bufo  Green,  1832;  Monthly  Am.  Jour.  Geol.,  p.  559. 

ICalymene]  bufo  Green,  1832;  Mon.  Tril.  N.  A.,  p.  41,  cast  10. 

bufo  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  65. 

bufo  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  93. 

bufo  Hall,  1876;  lllus.  Devonian  Foss.  Crust.,  pi.  8,  figs.  24,25.     . 

bufo  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  26,  pi.  8,  figs.  25,26. 

The  fossil  is  said  to  have  been  found  in  a  dark  grayish  limestone  in  the  State 

of  New  Jersey.    The  cast  approaches  so  near  Phacops  laii/rons  Broun  that  it 

may  be  the  same  species. 

bombifrons,    (See  Phacops  oristata.) 

caoapona  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  68.  Hamilton. 

Syn.,  Calymene  bufo  Castelnau,  1843 ;  Syst.  Sil.  de  I'Aiudr.,  p.  21,  pi.  ii,  figs.  1-4. 
cacapona  Hall,  18<)2;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  96. 
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Phacops  caoapona  Hall,  1876  ;  Ulna.  Devon ian  Fobs.  Crast.,  pi.  8,  figs.  18-23. 

caoapona  Hall.  1888;  Pal.  New  York,  vol.  7,  p.  27,  pi.  8,  tigs.  19-24. 

caliicepkaUi,    ( See  Dalmanitea  callioephala. ) 

criatata  Hall,  1861 ;  De&,  New  Species  Foes.,  p.  67.  Upper  Helderberg. 

Sjn.,  Fhacopa  bomhifrons  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  67. 

Phacops  crUtata  Hall,  1862;  15tli  Rept.  New  York  SUte  Cab.  Nat.  Hist.,  p.  95. 
Phacops  crintala  Hall,  1876;  Illns.  Devonian  Foss.  Crust.,  pi.  6,  fign.  1-17. 
Fhacopa  bomhifrans  Hall,  1876 ;  Illns.  Devonian  Foss.  Crnst.,  pi.  6,  figs.  18-29. 

criatata  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  14,  pi.  6,  tigs.,  1-31.  16-29;  pi. 

8  a,  figs.  1-4. 

criatata  var.  pipa  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  18,  pi.  8  a,  figs.  5-18. 

Upper  Helderberg. 
—  downingee  Mnrch.    (See  Phacopa  trlauloatna  Hall. ) 

hudaonica  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  355,  pi.  73,  figs.  26-28. 

Lower  Helderberg. 
f  laticauda  HaU,  1847 ;  Pal.  New  York,  vol.  1,  p.  248,  pi.  64,  fig.  6.     (See  Dalmani- 
tea micmrua  Green.) 

logani  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  353,  pi.  73,  figs.  15-25. 

Lower  Helderberg. 

lCa1ymene'\  macrophthalma  Green,  1832;  Mon.  Tril.  N.  A.,  p.  39,  cast  9. 

ICalymene]  nupera  Hall,  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  262,  fig.  116. 

Chemung. 

nupera  Emmons,  1860 ;  Manual  Geology,  p.  149,  fig.  138  (2). 

nupera  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  8,  fig.  26. 

nupera  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  27,  pi.  8,  fig.  27. 

oreatea  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  65,  fig.  10. 

Middle  Silurian. 

pulchellua  Foerste,  1887 ;  Bull.  Denison  Unfv.,  vol.  2,  p.  99,  pi.  8,  figs.  4,20,21. 

Clinton. 

ICalymene  hufo'\  var.  rana  Green,  1832 ;  Monthly  Am.  Jour.  Geol.,  p.  559. 

Hamilton. 

[Calymene  hufo'\  var.  rana  Green,  1832 ;  Mon.  Tril.  N.  A.,  p.  42,  casts  11, 12. 

1 —  iCaljfmene  hufo'i  var.  rana  Hall,  1843;  Geol.  New  York,  4th  GeoL  Dist.,  p.  201, 
pi.  14. 
Syn.,  ICalymene]  hufo  Owens,  1844 ;  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinoia,  p. 
74,  pi.  12,  fig.  1. 
[Califtnene]  hufo  Emmons,  1860 ;  Manual  Geology,  p.  138,  wood-outl24,  fig.  6. 

rana  Hall,  1861 ;  Description  New  Species  Fossils,  p.  65. 

rana  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  93.  pi.  10,  fig.  12. 

r€Uia  Meek  and  Worthen,  1868 ;  Geol.  Survey  Illinois,  vol.  3,  p.  447,  pi.  11,  figs. 

1  a-e. 

rana  Nicholson,  1873 ;  Pal.  Province  Ontario,  p.  123,  figs.  5, 6  a. 

rana  Hall,  1876 ;  Illus.  Devonian  Foss.  Crust.,  pi.  6,  figs.  14, 15 ;  pi.  7,  figs.  1-11 ; 

pi.  8,  figs.  11-17. 

rana  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  339,  pi.  26,  figs.  17-19. 

rana  Walcott,  1884  ;  Pal.  Eureka  Dist.  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p.  207. 

rana  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  19,  pi.  7,  figs.  1-11 ;  pi.  8,  figs.  1-18  ; 

pi.  7  a,  figs.  21-33. 

rana  Clarke,  1888 ;  Jour.  Morphology,  vol.  2,  p.  253,  pi.  21. 

traganuB  Billings,  1863;  Proc.  Portland  Soc.  Nat.  Hist.,  vol.  l,p.  124,  pi.  1,  figs. 

26, 27.  Upper  Silurian. 
?  triaulcatua  Hall,  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  72,  fig.  9. 

Clinton. 
triaulcatua  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  300,  pi.  66  a,  figs.  3  a,  b. 
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PhaethoDides  Angelin,  ia')2 ;  Pal.  Scand.,  p.  21. 

arenicolus  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  134,  pi.  25,  figs.  12, 13. 

Upper  Heldorberg. 

dentioulatus  (Meek)  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  139,  pi.  25,  figs.  14, 15. 

For  other  references,  see  Proetus  [P^ton]  dentioalatUB  Meek. 

Steptoe  Valley.  Nevada,  Devonian  (f ). 

gemmaBUB  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  136,  pi.  24,  figs.  32-36. 

Upper  Helderberg. 

Immaturus  Herrick,  1889;  Ball.  Denison  Univ.,  vol.  4,  p.  59,  pi.  1,  figs.  9-15. 

Kinderhook. 

(?)  lodiensia  (Meek)  Herrick,  1889;  Ball.  Deniaon  Univ.,  vol.  4,  p.  59. 

For  other  references,  see  Braohjrmetopus  lodiencdB  Meek. 

occidoDtalis  Herrick,  1889;  Boll.  Denison  Univ.,  vol.  4,  p.  57,  pi.  1,  figs.  10  a,b. 

Kinderhook. 

sedalieuBiB  (Vogdes)  Herrick,  1839 ;  Ball.  Denison  Univ.,  vol.  4,  p.  57. 

Waverly. 
For  other  references,  see  OrlflOlJiides  ?  sedalienois  Vogdes. 

spinosus  Herrick,  1889;  Bali.  Denison  Univ.,  vol.  4,  p.  58,  pi.  1,  figs.  4-5. 

«  '  Kinderhook. 

varicella  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  135,  pi.  24,  figs.  29-31. 

Upper  Helderberg. 
Phillipaia  Portlook,  1843;  Kept.  Geol.  Londonderry,  etc.,  p.  315. 
Type,  PkillipHa  gemmuli/era  Phillips. 

Dr.  Henry  Woodward  suggests  (Geol.  Mag.,  vol.  10,  1883)  the  following  brief 
diagnosis  of  the  characters  of  the  genera  Phillipsia  and  Oriffithide^,  which  may 
be  foand  nsefal  in  separating  the  genera : 


1 

2 

3 
4 

PhilUpslA. 

Qrlffithides. 

Sides  of  the  glabella  nearl  j  parallel 

Marked  by  either  two  or  three  short  lat- 
eral farrows. 
Basal  lobes  conthinons  with  the  glabella.. 
Eyes  large,  reniform 

Glabella  pyriform. 

No  short  lateral  farrows  on  the  glabella. 

Basal  lobes  distinct  item  the  glabella. 
Eyes  small,  sabovaL 

bitfo,    (See  Oriffithides  bufo. ) 

oliftonenois  Shumard,  1858 ;  Trans.  Acad.  Nat.  Sci.  St.  Loais,  vol.  1,  p.  227. 

Coal  Measures. 

cUftonenois  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  11. 

oliftonenals  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  84. 

?  conBora  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  53,  pi.  1,  figs.  16  a,  b,  c. 

Keokuk  or  Burlington. 

consora  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

f  coronata,    (See  Cyphaspis  coronata  Hall.) 

rforw(Han)  Winchell,  1865;  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  9,  p. 

133.    (See  Proteua  doria  Hall. ) 

howl  Billings,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  209,  figure.     Carboniferous. 

howl  Dawson,  1868;  Acadian  Geology,  p.  313,  fig.  133. 

howi  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  63. 

hoiivl  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  91. 

Compare  PkillipHa  meramecensid, 

inaigiiis  Winchell,  1863;  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  7,  p.  24. 

Burlington. 

insignia  Billings,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  209. 

— —  Inaignia  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  03. 
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Phillipsia  indgnis  Yogdes,  1887 ;  Annals  N^w  York  Acad.  8ci.,  voL  4,  p.  87. 

latHs.    (See  CjphaMpiB  Isevis.) 

major  Shumard,  1858;  Trana.  Acad.  Sci.  St.  Louis,  vol.  1,  p.  226.     Coal  Measorea. 

major  Meek,  1872;  U.  8.  Geol.  Surrey  Territories,  Final  Rept.  Nebraska,  p.  238, 

pi.  3,  figs.  2  a,  b,  c. 

miljor  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  60. 

major  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  85,  pi.  3,  Bg.  14. 

meramecansia  Shnmard,  1855 ;  Ist  and  2d  Rept.  Qeol.  Survey  Missouri,  p.  199, 

pi.  B,  fig.  9.  .      Arobimides  Limestone. 

meramecansia  Herrick,  1887;  Ball.  Denison  Univ.,  vol.  2,  p.  59. 

meramecanaia  Vogdes,  1887;  Annals  New  York  Acad.  S«i.,vol.  4,  p.  86,  pL  3, 

fig.  15. 
Syn.,  meramecantis^  Wincbell,  1863 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  vol.  7, 
p.  24.  Keoknk. 

meramecanaia  Herrick,  1888 ;  Bull.  Denison.Univ.,  vol.  3,  p.  28,  pL  11,  fig.  3. 

Syn.,  ^rt  (Billings)  Vogdes,  18S7;  Annals  New  York  Acad.  Sci.,  vol.4,  p. 92. 

vindohoimiiiis  (Hartt)  Vogdes,  1887^  Annals  New  York  Acad.  Sci.,  vol.  4, 
p.  92. 

meramecanaia  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p. 54,  pi.  1,  fig.  6. 

minuMoula  Hall.    (See  Cyphaapia  minnacnla.) 

miaaonrienaia  Sbumard,  1858 ;  Trans.  Acad.  Sci.  St.  L<>uis,  vol.  1,  p.  220. 

Coal  Measures. 

miaaonrienaia  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  59. 

miaaonrienaia  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  86,  pi.  3, 

figs.  1,  2.  14, 16. 

f  ornalM,    (See  C3rpliaapi8  ooronata.) 

[  Oriffithide^]  portlocki  Meek  and  Worthen.    (See  Orifflthidea  portlockl. ) 

perannulata  Sbumard,  1858;  Trans.  Acad.  Sci.  St.  Louis,  vol.  1,  p.  296,  pi.  11, 

fig.  10.  Permian. 

— ^  perannulata  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4^  p.  94. 
«— preeonraor  Herrick,  1888;  Bull.  Denison  Univ.,  vol.  3,  p.  29,  pi.  12, 'fig.  1. 

Kinderbook. 

—  praBCUraor  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

[l*roetu9'\  prceonraor  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  54,  pi.  1, 

fig.  1.  Waverly. 

rookfordenaia  Wincbell,  1865;  Proc.  Acad.  Nat.  Sci.  Pbila.,  2d  series,  vol.  9,  p. 

133.  Kinderbook. 

—  rockfordeneia  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  62. 

rockfordenais  Vogdes,  1887;  Annals  Now  York  Acad.  Sci.,  vol.  4,  p.  91. 

aampaoni  Vogdes,  1888;  Trans.  New  York  Acad.  Sci.,  vol.  7,  p.  24H,  figure. 

Waverly. 
IGriffithide^'i  sangamonensis  Meek  ana  Wortben.    (See  Orifflthidea  aangamo- 

nenaia.) 
-—  [Griffithides'i  scitula  Meek  and  Wortben.    (See  Orifflthidea  aoitula.) 
aerratioaudata  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  52,  pi.  1,  figs.  8 

a-d.  Keokuk. 

eerraticandata  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

8h  n  mardi'    ( See  Proetua  aurioulata. ) 

atevenaoni  Meek,  1871 ;  Rept.  Regents  Univ.  West  Virginia,  p.  73.        Chester. 

atevenaoni  Vogdes,  ld87 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  88,  pi.  3,  fig.  6. 

tnbercnlata  Meek  and  Wortben,  1870;  Proc.  Acad.  Nat.  Sci.  Pbila.,  p.  52. 

Burlington. 
tnbercnlata  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  92. 

—  trinnoleata  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  64,  pi.  1,  figs.  23,23  a, 

c,  e,  b ;  pi.  2,  fig.  32 ;  pi.  3,  fig.  21.  Coal  Measures. 
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Phillipjaia  trinuoleata  Herrick,  IhJSO ;  Bull.  Denisou  Univ.,  vol.  4,  p.  49. 

Syn.,  Froetus  Irinucleaius  Vogdes,  1888;  Annals  New  York  Acad.  Sci.,  vol.  4,  p. 
8;  (in  error),  pi.  2,  figs.  7,8,9. 
vindohonensis  Hartt,  1868;  Acadian  Geology,  p.  353.  Carboniferous. 

vindohoneneia  Herrick,  1887 ;  Ball.  Denisou  Univ.,  vol.  2,  p.  63. 

vimdohonensia  Vogdos,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  89.    (See 

PhiUipsia  merameoanais  Shnmard.) 
Piliolites  Cozzens,  1846 ;  Annals  Lycenm  Nat.  Hist.  New  York,  vol.  4,  p.  157. 

ohioenais  Coszens,  1846 ;  Annals  Lyceam  Nat.  Hist.  New  York,  vol.  4,  p.  157, 

pi.  16,  figs.  1  u,  lb.     (See  Proetna  orasBimarginattia  ?) 
PxDettia  Steiniuger,  1831 ;  M6in.  Soc.  G^ol.  France,  vol.  1,  p.  355,  pi.  24,  fig.  6. 
lype,  Proetus  cuvieri  Steininger. 

Syn.,  .^nia  Barmeister,  1843;  Organization  Trilobites,  p.  116  (Ray  Soc.  ed.,  p. 
100).  Bnrmeister  separates  Dalman's  species  Calpjnene  oonoinna  from  the 
type  of  the  genus  Proetu»y  and  gives  a  generic  descriptton  of  JEonia^  with 
descriptions  and  figures  of  A,  condnnay  A,  stokeaiij  and  A,  veriioalis. 
PkcBton  Barrande,  1846 ;  Notice  Prelim.,  p.  62.  The  author  herein  gives  the 
new  generic  term  Photon  for  species  of  Proetua  wiih  fimbriated  pygidia. 
PrinopeUis  Corda,  1847 ;  Prodr.,  p.  121.    New  generic  name  proposed  for 

the  preoconpied  term  of  PhcBion. 
Xiphogonium  Corda,  1847 ;  Prodr.,  p.  70.    Proposed  genas  for  certain  species 

of  ProetuBf  with  nine  segments  in  the  thorax. 
Ooniopleura  Corda,  1847 ;  Prodr.,  p.  80.    This  genus  includes  such  species 

as  Proetus  eleganlulua  Loven,  with  twelve  segments  in  the  thorax. 
Forhesia  McCoy,  1847 ;  Sil.  Foss.  Ireland,  p.  46.    This  author  uses  for  the 
types  of  his  genus  ForJ^esia  latifrons  aud  F.  atokeaiij  which  is  the  same  as 
that  nsed  by  Barrande  in  1846  for  his  genus  Phceton  and  Angelin  in  1878 
for  the  genus  Phwthonides, 
Geraatos  Goldfuss,  1843 ;  Neues  Jahrbuch  fUr  Mineral.,  p.  557.    This  genus 
is  a  Proetua  with  G.  Ujevigatua  for  its  type,  a  species  identical  with  Proetua 
cuvieri  Stein. 
Trigonaapia  and  Cylindraapia  the  Brothers  Sanderberger ;  Yerst.  d.  Bhein, 

Scht-Syst.,  p.  30,  pi.  3,  ia50. 
Veohenella  Kayser,  1880;  Zeitschr.  Deatsch.  geol.  G^esell.,  Berlin,  1880,  p. 
703.    For  such  species  as  Proetua  vertioallia  and  P,  haldemani, 

alariotis  Billings,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  68,  fig.  12.  Hudson. 

alariona  BilUngs,  1863;  Geol.  Canada,  p.  219,  fig.  2:^0. 

angnatifrona  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  70.  Schoharie. 

angnatifrona  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  98. 

angaatifrona  Hall,  1876;  Hlns.  Devonian  Foss.  Crust.,  pi.  20,  figs.  1,4,7. 

anguBtifrona  Hall,  1888;  Pal.  New  York,  vol.  7,  v-  91,  pi.  20,  figs.  1-5;  pi.  22, 

figs.  1-3. 

omriculaHa,    (See  Proetua  miaaourienaia  Shamard.) 

—  oanalioulatua  Hall,  1861 ;  Des.  New  Species  Fobs.,  p.  73.       Upper  Helderberg. 
oanaUoulatUB  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  101. 

—  oanalioulatua  Hall,  1876;  lUus.  Devonian  Foss.  Crust.,  pi.  20,  figs.  10, 11. 
oanaUoulatuaHaU,  1888;  Pal.  New  York,  vol.  7,  p.  107,  pi.  20,  figs.  10,  11 ;  pi. 

23,  figs.  10, 11. 

—  clarua  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  71.  Upper  Helderberg. 
olama  Hall,  1862;  15th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  99. 

Olarua  Hall,  1876;  lUns'.  Devonian  Foss.  Crust.,  pi.  20,  figs.  12-14. 

clarua  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  104,  pi.  20,  figs.  12-14 ;  pi.  22,  figs. 

28-30. 
- —  conradl  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  69.  Schoharie. 
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PioetUB  oonradi  Hall,  1862 ;  15th  Rept.  New  York  State  Cab.  Nat  Hist.,  p.  97. 
— r-  conradi  Hall,  1876;  Hlos.  Devonian  Foss.  Crost.,  pi.  21,  fig.  6  (not  figs.  5,  8,  9); 

pi.  21,  fig8.  27,28. 
Syn.,  Conradi  Hall,  1876;  lUas.  Deyonian  Pom.  Crnst.,  pi.  20,  figs.  5,8,9. 

PiUolite$  ohionmsis  f  Cozzens,  1846 ;  Annala  Lyoenm  Nat.  Hist.  New  York, 
vol.  7>  p.  99,  pi.  10,  figs.  1  a,  b. 
oonradi  HaU  and  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  89,  pi.  20,  fig.  9 ;  pi. 

21,  figs.  27,28;  pi.  12,  fig.  4. 
lAsaphus']  ooryoosna  Conrad,  1842;  Jonr.  Acad.  Nat.  Soi.  Phila.,  vol.  8,  p.  277, 

pi.  16,  fig.  15.  ^  Niagara. 

lJ$apku$']  ooryoosna  Hall,  1843 ;  Oeol.  New  York,4tb  Geol  Dist,  pi.  19,  ^g.  3. 

ooryoosna  HaU,  1852;  Pal.  New  York,  voL  2,  p.  316,  pi.  67,  fig.  15. 

[CaljfiM^fi^]  oraasimarginatus  Hall,  1843;  Qeol.  New  York,  4th  GeoL  Dist.,  p. 

172,  fig.  5.  Upper  Helderberg. 

oraaaimarginataa  Hall,  1859 ;  12th  Rept.  New  York  8tat«  Cab.  Nat.  Hist.,  p.  68. 

IPhillipsia']  craasimarglnataa Billings,  1861 ;  Canadian  Journal,  vol.  vi,  p.  362. 

oraaaimarginataa  Hall,  1861 ;  Des.  New  Species  Foes.,  p.  72. 

oraaaimarginatas  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

100,  pi.  10,  fig.  10. 

craaaimarginatua  Hall,  1876 ;  Hlns.  Devonian  Poss.  Crust.,  pi.  20,  figs.  20-^1. 

oraaaimarginataa  Hallj  1888;  Pal.  New  York,  voL  7,  p.  99,  pi.  20,  figs.  6-8,  20- 

31;  pi.  22,  figs.  20-62;  pi.  25,  fig.  & 

oorvlmarginataa  Hall,  1888 ;  Pal.  New  York,  voL  7,  p.  94,  pi.  22,  figs.  13-19. 

Schoharie. 

davenpartenHB  Barris.    (See  Proetaa  proati  Shumard.) 

depUnolaa  Hall,  1888;  Pal.  New  York,  voL  7,  p.  Ill,  pi.  23,  figs.  1,  2;  pi.  25, 

fig.  6.  Upper  Helderberg:. 
denticalataa  Meek,  1877;  U.  S.  Geol.  Expl.  40th  Par.,  vol.  4,  p.  49,  pi.  1,  figs. 

10  a,  b.  Devonian. 

determinataa  Foerste,  1887 ;  BolL  Denison  Univ.,  vol.  2,  p.  91,  pi.  8,  figs.  2, 3, 3  a. 

Clinton. 

doxta  Hall,  1860;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  112. 

Goniatit«  limeetone. 
IPhilUpHa'i  dorta  Winohell,  1865;  Proc.  Acad.  Nat.  Sci.  Phila.,  2d  series,  voL  2, 

p.  62. 

[PMWtpaia]  dorla  Herriok,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  p.  62. 

IPhiUipaia'i  dorla  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  90  (in 

error). 

ellipticaa  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  267. 

Kinderhook. 
ellipticaa  Meek  and  Worthen,  1868;  Qeoh  Survey  Illinois,  vol.  3,  p.  460,  pi.  14, 

fig.  3. 

ellipticaa  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  82,  pL  3,  fig.  3. 

foUioepa  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  101,  pi.  23,  figs.  3-8. 

Upper  Helderber^^. 

granulatus  Wetherby.    (See  Oriffithidea  granalataa. ) 

haldemani  Hall,  1861;  Des.  New  Species  Foss.,  p.  74.  Hamilton. 

halflftma"*  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  102,  pi. 

10,  fig.  6. 

haldemani  Hall,  1876;  Illus.  Devonian  Foss.  Crust.,  pi.  21,  figs.  7-9. 

haldemani  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL8, 

p.  210. 

haldemani  Herrick,  1889 ;  Bull.  Denison  Univ.,  vol.  4,  p.  55,  pi.  1,  fig.  12. 

— -  haldemani  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  113,  pi.  21,  figs.  7-9;  pi.  23,  figs. 
13-15. 
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Proetos  [,Deehwella'ihaldemai^  Kayser,  1880 ;  Zeitschr.  Deatach.  geol.  Gesell.,  Ber- 
liD,  1880,  p.  770,  pi. :»,  fig.  9. 

IDech&nella]  haldemani  Tschemyschew,  1887;  M6m.  Comity  G^ol.,  vol.  3,  No.  3, 

p.  14,  pi.  1.  fig.  9. 

beaione  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  70.  Schoharie. 

bestone  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  98. 

besione  Hall,  1876;  nias.  DevoniaD  Foss.  Crust.,  pi.  20,  figs.  15, 16. 

besione  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  93,  pi.  20,  figs.  15, 16. 

j^tmas  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  124,  pi.  25,  fig.  7.  Hamilton. 

jYmias  Billings,  1863 ;  Proo.  Portland  Soc.  Nat.  Hist.,  voL  1,  p.  122,  pi.  1,  fig.  23. 

Upper  Silurian. 

latimarginatns  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  97,  pi.  22,  figs.  7-12. 

Schoharie. 

loganensiB  Hall  and  Whitfield,  1877;  U.  S.  Geol.  ExpL,  40tli  Par.,  vol.  4,  p. 

264,  pi.  4,  fig.  33.  Wavi'rly.' 

loganeimia  Yogdes,  1887;  Annals  J^ew  York  Acad.  Soi.,  vol.  4,  p.  78. 

longicatidaa  Hall,  1861;  Des.  New  Species  P'oas.,  p.  80.  Hamilton. 

longicaudtia  Hall,  1862;  15tli  Bept.  New  York  State  Cab.  Nat.  Hist.,  p.  108, 

pi.  10,  figs.  7-9. 

longicaudiu  Hall,  1876 ;  Illns.  Devonian  Foss.  Cmst,  pi.  20,  figs.  32-34. 

longicandna  Williams,  1881 ;  Am.  Jonr  Sci.,  3d  series,  vol.  21,  p.  156. 

(?)  longicaudns  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  131,  pi.  20.  figs.  3^-34. 

macrobiua  Billings,  1863 ;  Proc.  Portland  Soc.  Nat.  Hist.,  vol.  1,  p.  123,  pi.  1, 

'  fig.  24.  Upper  Silurian. 

macrocephalus  Hall,  1861 ;  Des.  New  Species  Foss.,  pp.  77, 79.  Hamilton. 

maorocephalua  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist,  pp. 

105, 107. 

macrooephalua  Hall,  1876 :  Hlns.  Devonian  Foss.  Crust.,  pi.  21,  figs.  10-21. 

macrocephalna  Hall,  1888;  PaL  New  York,  vol.  7,  p.  116,  pi.  21,  figs.  10-21 ;  pi. 

23,  fig.  30. 

ICalymene^  marginalia  Conrad,  1839;  Ann.  Rept.  Pal.  Dept.  New  York  Geol. 

Snrvey,  p.  66.  Tnlly  Limestone. 

margliinlta  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  76.  Hamilton. 

marginaUa  HaU,  1862;  1.5th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  104. 

marglQalia  Hall,  1876;  Xllos.  Devonian  Foss.  Crust.,  pi.  21,  figs.  24-28. 

. marginalia  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  210. 

marginalia  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  122. 

. miorogemma  Hall,  1888 ;  Pal.  New  York,  voL  7,  p.  109,  pi.  22,  figs.  33, 34. 

Upper  Helderberg. 
minuacnla  Hall,  1876 ;  Illns.  Devonian  Foss.  Crust.,  pi.  20,  fig.  17. 


minutna  Herrick,  1889;  Bull.  Denison  Univ.,  vol.  4,  p.  56,  pi.  l,figs.  7  a,b. 

Kinderhook. 

minutaa  Herrick,  1890 ;  American  Geologist,  vol.  5,  p.  254. 

miasourienaia  Shumard,  1855;  1st  and  2d  Rept.  Geol.  Missouri,  p.  196,  pi.  B, 

figs.  13  a,  b.  Waverly. 

Syn.,  aurieulatus  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  79. 

auHoulatua  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  107. 
IPkillipHa  {Proetu9)'\  auriculatua  Herrick,  1889;  Bull.  Denison  Univ.,  vol. 

4,p.34,pl.  l,fig.  14. 
[ Ph%lHp8ia'\  ihuvMwdi  Herrick,  1887 ;  Bull.  Denison  Univ.,  vol.  2,  pp.  58, 69, 
pi.  7,  fig.  14. 
missonrienaia  Yogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  75,  pi.  3, 

fig.  1. 
miaaoorienaia  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  133,  pi.  23,  fig.  32. 
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ProetUB  ooddens  Hall,  1861 ;  De«.  New  Species  Foes.,  p.  80.  HamiltolL 

occidens  Hall,  1862;  I5th  R«»pt.  New  York  Skate  Cab.  Nat.  Hist,  p.  lOa 

occidens  Hall,  1876;  lUus.  Devonian  Foes.  Crnst.,  pi.  21,  figs.  22,23. 

occidens  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  130,  pi.  21,  figs.  22,23. 

ovifrons  Hull,  lbc8;  Pal.  New  York,  vol.  7,  p.  110,  pi.  22,  flgs.  31,32. 

Upper  Helderbeig. 

pachydermattts  Barrett,  1873;  Am.  Jour.  Sci.,  3d  series,  voL  15,  p.  370. 

Niagara. 
parTiuaoulus  Hall,  1872;  24 th  Rept.  New  York  State  Cab.  Nat.  HisL,  p.  223.  pi. 

8,  fig.  14.  Hndaon. 

parviuscnloa  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  109,  pi.  4,  fig.  la 

panriuaculua  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  144. 

peroooldens  Hall  and  Whitfield,  1877 ;  U.  8.  Qeol.  Ezpl.  40th  Par.,  Pal.,  vol.  4, 

p.  262,  pi.  4,  figs.  28-32.  Waverly. 

——  peroccidens  Vogdes,  1887 ;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  79. 

phocion  Billings,  1874;  Pal.  Foss.,  vol.  2,  p.  63,  fig.  31.  Devonian. 

phocion  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  125,  pi.  25,  ^gs.  9,10. 

planimarglnatiiB  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  89.    Comiferoas. 

planimarginatUB  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  233,  pi.  23,  figs.  3  a,,  b. 

planlmarginalna  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  112.  pi.  23,  fig.  12. 

protuberans  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  351,  pi.  73,  figs.  5-8. 

Lower  Helderberg. 

prouti  Shnmard,  1863;  Trans.  Acad.  Sci.  St.  Louis,  vol.  2,  p.  110.        Hamilton. 

Syu.,  davenpartensis  Barris,  1878;  Proc.  Davenport  Acad.  Sci.,  vol.  2,  p.  287,  pL 
11,  fig.  8  (pi.  11,  fig.  8,  revised). 

prouti  Hall,  18S8;  Pal.  New  York,  vol.  7,  p.  126,  pi.  23,  figs.  16-18. 

[Calymene'i  rowi  Le  Row,  1837 ;  Poughkeepsie  Telegram,  Nov.  22.       Hamilton. 

ICalymenel  row!  Green,  1838;  Ara.  Jour.  Sci.,  1st  series,  vol.  33,  p.  406. 

^—  ICalyniene]  rowi  Green,  1838;  AunaUMag.  Nat.  Hist,  1st  series, London,  voL  1, 

p.  79. 
— —  rowi  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  75. 

rowi  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  103. 

rowi  Hall,  1876;  lilus.  Devonian  Foss.  Crust.,  pi.  21,  figs.  2-6. 

row!  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  119,  pi.  21,  figs.  2-6,  24-26;  pL  23, 

figs.  20-29. 
IPhillipsia]  ahumardi  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  pp.  58,69,  pl- 

7,  figs.  14  a,  b.  Waverly. 

lFhillip8ia'\  ahumardi  Herrick,  1888;  Bull.  Denison  Univ.,  vol.  3,  p.  29. 

spurlocki  Meek,  1872;  Am.  Jour.  Sci.,  3d  series,  vol.  3,  p.  426.  Hamilton. 

spurlocki  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  161,  pi.  14,  ^g,  12. 

spurlocki  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  145. 

stenopyge  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  110,  pi.  22,  tis[.*27. 

Upper  Helderberg. 

stokesi  (Murch.)  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  316,  pi.  67,  figs.  13. 14. 

Niagara. 
swallowi  Shnmard,  1855 ;  Ist  and  2d  Rept.  Geol.  Survey  Missouri,  p.  196,  pi.  B, 

ligs.  12  a,  b.  Waverly. 

[Phillipeia]  swallowi  Herrick,  1887;  Bull.  Denison  Univ.,  vol.  2,  p.  58. 

[PhilUpina]  tennesseensis  Winchell,  1869;  Geol.  Tennessee,  p.  445.     Waverly. 

tennesseensis  Vogdes,  1887;  Annals  New  York  Acad.  Sci.,  vol.  4,  p.  80. 

tumidus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  113,  pi.  23,  fig.  9. 

Upper  Helderbecg. 

verneuiUi  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  73.  Upper  Helderberg. 

vemeuiUi  HaU,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  101. 

▼emeuiUi  Hall,  1876;  Hlns.  Devonian  Foss.  Crust.,  p.  20,  figs.  18,19. 
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Proetu*  veraetiilU  HaU,  1888;  Pal.  Now  York,  vol.  7,  p.  108,  pi.  20,  figs.  18, 19. 
Proticlinites  Owen,  1852;  Quart.  Jour.  Geol.  Soc.  London,  vol.  8,  p.  214. 

alternaxiB  Owen,  1852;  Quart.  Jour.  Geol.  Soc.  Loudon,  vol.  8,  p.  221,  pi.  8  a, 

fi^.  7.  '  Potsdam. 

oarbonarius  Dawson,  1873 ;  Am.  Jour.  Scl.,  3d  series,  vol.  5.        Coal  Measures. 

latUB  Owen,  1852 ;  Quart.  Jour.  Geol.  Soc.  London,  Tol.  8,  p.  218,  pi.  11. 

Potsdam. 

lineatUB  Owen,  1852;  Quart.  Jour.  Geol.  Soo.  London,  vol.  8,  p.  220,  pi.  8  a, 

pi.  13.  '  Potsdam. 

logananus  Marsh,  1869 ;  Am.  Jour.  Sol.,  2d  series,  vol.  48,  p.  46.  Potsdam. 

— -  multinotatus  Owen,  1852 ;  Quart.  Jour.  GeoL  Soc.  London,  vol.  8,  p.  219,  pi.  12. 

Potsdam. 

octo-notatua  Owen,  1852;  Quart.  Jour.  Geol.  Soc.  London,  vol.  8,  p.  217,  pL  10. 

Potsdam. 

aeptem-notatns  Owen,  1852 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  8,  p.  214,  pi.  9. 

Potsdam. 
Protypua  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  211. 

lAngeHna-i  hitctoocki  Whitfield,  1884;  Bull.  Am.  Mus.  Nat.  Hist.,  New  York, 

vol.  1,  p.  148,  pi.  14,  fig.  13.  Potsdam. 

hitchcocki  Walcott  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  211,  pi.  31,  fig.  4. 

IBaihyurusI  aenectua  Billings.  1861 ;  Geol.  Vermont,  vol.  2,  p.  953,  figs.  359,  360. 

Middle  Cambrian. 

IBathyurus'i  aenectua  Billings,  1861;  Pamphlet  published  in  adv.   Pal.  Foss. 

Cauada,  p.  15,  figs.  20,  21. 

[  Bathyuru8'\  aenectua  Billings,  1863 ;  Geol.  Canada,  p.  286,  figs.  298  a,  b. 

lBaihyurus'\  aenectua  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  15,  figs.  20,21. 

aenectua  Walcott,  1880 ;    Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  213,  pi.  31,  figs,  2, 

2a-c. 
Pterocephalia  Roemer,  1852 ;  Kreid.  von  Texas,  p.  93. 

IConocephalites  (Pterocephalia)'\  laticepa  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40th  Par.,  vol.  4,  p.  221,  pi.  2,  figs.  4-7.  Potsdam. 

[Ptychoparia  (Pterocephalia)'i  laticepa  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon. 

U.  S.  Geol.  Survey,  vol.  8,  p.  69. 

[P^jfcftoparia  (^^ocep^/ia)]  oocidena  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon. 

U.  S.  Gool.  Survey,  vol.  8,  p.  58,  pi.  9,  fig.  21.  Cambrian. 

aanoti-aabaB  Roemer,  1849 ;  Texas,  p.  421.  Potsdam. 

—  sancti-aabse  Roemer,  1852;  Kreid.  von  Texas,  p.  93,  pi.  11. 
Ptychaapia  Hall,  1863;  16th  Rept.  New  Yor)£  State  Cab.  Nat.  Hist.,  p.  170. 
Type,  Ptychaapia  miniacaenaia  Hall. 

barabuensia  Winchell,  1864;  Am.  Jour.  Sci.,  2d  series,  vol.  37,  p.  230.    Potsdam. 

lAHouellua'\  cylindrlcua  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  406,  fig.  385. 

'IConoeeph,  (Ptychaapiat)]  ezplanatua  Whitfield,  1880;  Ann.  Rept.  Geol.  Survey. 

Wisconsin,  1879,  p.  48.  Potsdam. 

IConoceph,  (Ptychnapiat)]  ezplanatua  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4, 

p.  181,  pi.  1,  figs.  27,  28. 
Syn.,  gmnuloaa  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  ^i8t.,  p.  173, 
pL  6,  figs.  33-4). 
granuloaa  Whitfield,  1878 ;  Ann.  Rept.  Geol.  Survey  Wisconsin,  1877,  p.  34. 
granulosa  Whitfield,  18S2 ;  Gtool.  Wisconsin,  vol.  4,  p.  18.5,  pi.  1,  fig.  24. 
In  this  work  Piycliaspia  granulosa  Hall  (not  Owen)  is  referred  to  Ptychaspis 
striata. 

granuloaa  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  185,  pi.  1,  fig.  24. 

Syn.,  Dikelooephalus  minisoaensis  Owen,  1852;   Rept.  G^l.  Survey  Wisconsin, 
Iowa,  and  Minnesota,  p.  574,  pi.  1,  figs.  3, 12 ;  pi.  1  a,  figs.  4, 5. 

IDikeloeephalua'}  granuloaua  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin,  Iowa, 

«»dMinne80to.p.5ro,pl.l,fig.7.  Digitized  by  (^5?^^ 
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PtychaspiB  minlscaenaia  Hal],  i&JS;  IGtU  Rept.  New  York  State  Cab.  Nat.  Hiat.,  p. 
171,  pi.  0,  n{5«.  4U4t>;  pi.  10.  fign.  21,22. 

minuta  Whitfteld,  1878;  Ami.  Rept  Geol.  Survey  WiscooBiiii  1877,  p.  55. 

Potadain. 

minuU  Whitfield,  1882 ;  Geol.  Wisconsin,  vol.  4,  p.  186,  pi.  1.  fig8. 25. 26. 

minuta  Walcoit,  1884;  Pal.  Enreka  Dist.,  Hon.  U.  Geol.  Survey,  vol.  8,  p.  60,  pL 

10.  fig.  23. 

pustulosa  Hall  and  Whitfield,  1677;  U.  8.  Geol.  Ezpl.  40th  Par.,  Palffiont.,  voL 

4,  p.  223,  pi.  2,  ^g.  27.  Potadam. 

UHkelocephalus]  uemowtxim  Billinga,  1865;  Pal.  Foaa.,  vol.  1,  p.  198,  fig.  181. 

Quebec 

speoioauB  Walcott,  1879;  32d  Rept.  New  York  SUte  Mus.  Nat.  Hist.,  p.  I31.# 

Calciferooa. 

striata  Whitfield,  1878;  Ann.  Rept.  Oeol.  Survey  Wisconsin,  1877,  p.  55. 

Potadam. 

striata  Whitfield.  1880;  Ann.  Rept  Geol.  Survey  Wisconsin,  1879,  p.  51. 

striaU  Whitfield,  1882 ;  Geol.  Wisconsin,  voL  4,*  p.  186,      . 

Syn.,  granulosa  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  173, 
pi.  6,  figs.  33-40. 

lArionellua]  BVLbolsLvatuB  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  315, 

figs.  15, 15  a.  Quebec. 

Ptyohoparia  Corda,  1847 ;  Prodr.,  p.  141,  pi.  2,  fig.  11. 
Type,  Ptychoparia  striatus  Emmrich. 

IConocephalites]  adamsi  Billings,  1861 ;  Pamphlet  published  in  adv.  Pal.  Foas., 

p.  12,  figure. 

IConocephalm']  Adams,  1848;  Am.  Jour.  Sci.,  2d  series,  vol.  .5,  p.  109. 

lConocephalites'\  adamai  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950,  fig.  355. 

ICoHocephalus"]  Billings,  1861 ;  Am.  Jour  Sci.,  2d  series,  vol.  32,  p.  231. 

[Conocephalua'i  Billings,  1861 ;  Canadian  Naturalist,  vol.  6,  p.  324. 

[Conocephalites'i  adamai  Billings,  1863;  Geol.  Canada,  p.  286,  fig.  294. 

ICoMocephalites]  adamai  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  12.  fig.  15. 

adamai  Walcott,  1886 ;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  195,  pi.  26,  figs.  1, 

1  a-c.  Middle  Cambrian. 

Syn.,  arenosus  (Billings)  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  195. 

lEuUmat]  afflnis  Walcott,  1882;  Pal.  Enreka  Dist.,  Mon.  U.  S.  GeoL  Survey, 

vol.  8,  p.  54,  pi.  10,  fig.  12.  Cambrian  and  Silurian. 

ICrepicephnlus  (Bathtjurn8)'i  angulatus  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40th  Par.,  Palaeont.,  vol.  4,  p.  220,  pi.  2,  fig.  28.  Potsdam. 

?  angulatua  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  IT.  S.  Geol.  Survey,  vol,  8, 

p.  269. 

?  annectans  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  91,  pi.  12,  fig.  18.  Cambrian. 

ICrepicephalus  (Loganellm)]  anytns  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.  vol.  4,  p.  219.  pi.  2,  figs.  19-21.  Potsdam. 

—  anytus  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  H,  p.  56, 
pi.  9,  fig.  26. 

ILUostracus]  anytus  Brogger,  1886;  Geol.  Foren.  Stock.  Forliundl.,  vol.  8,  p.  212. 

[Conoceph.]  antiquatus  Salter,  1859 ;  Quart.  Jour.  Geol.  .Soc.  London,  vol.  15,  p. 

554,  fig.  2.  Potsdam. 

Syn.,  IConoceph.]  arenosm  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  95*1,  fig.  358. 

lConoc€ph,'\  arenosus  Billitigs,  1861;  Pamphlet  published  in  advance  of  Pal. 

Foss.  Canada,  vol.  1 ;  also.  Pal.  Foes.,  vol.  1,  p.  15,  fig.  18. 
IConoceph.  ]  arenoaus  Billings,  1863;  Geol.  Canada,  p.  286,  fig.  297. 
Walcott  (Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  195)  refers  this  species  to  Pty- 
choparia  odamH. 


Digitized  by  VjOOQ  IC 


J  CATALOGUE   OP  TRIL0B1TE8.  141 

Ptycboparia  [ Conooeph.  ]  aurora  Hartt,  1868 ;  Acadian  Geology,  p.  653.    (See  Ptyoho- 
paria  oaangondianns.) 

ZCanooeph.'l  billingBi  Shumard,  1861 ;  Am.  Jottr.  Sci.,  2d  series,  vol.  32,  p.  219. 

Potsdam. 

IConooeph.  f]  binodosas  Hall,  1863;  16tli  Eept.  New  York  State  Cab.  Nat.  Hist., 

p.  16U,  pi.  7,  fig.  47.  ^  Potsdam. 

ISolenopleurat]  brevicepa  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol. 

Survey,  vol.  8,  p.  49,  pi.  10,  fig.  9.  Cambrian. 
i^Conocephalites}  calymenoides  Whitfield,  1878;  Ann.  Kept.  Geol.  Survey  Wis- 
consin, 1877,  p.^52.  Potsdam. 

{^Cmtocephalitesl  oalymenoides  Whitfield,  1882;  Geol.  Wisconsin,  vol.  4,  p.  179, 

pi.  3,  figs.  2-5. 

calymenoides  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL 

8,  p.  48. 
■  [  Crepioephahia  (Loganellus)]  centralis  Whitfield,  1880 ;  Geol.  Resources  Black 
Hills  Dakota,  p.  341,  pi.  2,  figs.  21-24.  Potsdam. 

{^Conooephalitm]  chippewaensis  (Owen)  Shumard,  1863;  Trans.  St.  Louis  Acad. 

Sci.,  vol.  2,  p.  104. 

ILonchocephnius]  chippewaensis  Owen,  1852;  Rept.  Geol.  Survey  Wisconsin, 

Iowa,  and  Minnesota,  p.  576,  pi.  8,  figs.  6,  14 ;  pi.  1  a,  fig.  9. 

?  (subgenus?)  olavata  Walcott,  1887;  Am,  Jour.  Sci.,  3d  series,  vol.  34,  p.  198, 

pi.  1,  fig.  3.  Cambrian. 

[  Conoceph'i  cordHlerse  Rominger,  1887 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  17,  pi.  1, 

fig.  7.  Cambrian. 

cordilleraB  Walcott,  1888;  Am.  Jour.  Sci.,  3<l  series,  vol.  36,  p.  165. 

IConocepk"}  depressus  Shumard,  1861;  Am.  Jour.  Sci.,  2d  series,  vol.  32,  p.  219. 

Potsdam. 

lConoceph'\  diadematus  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist., 

p.  167»  pi.  7,  figs.  36-39;  pi.  9,  figs.  18-21  (f).  Potsdam. 

[  Eulomafi  dissimilis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey, 

vol.  8,  p.  51,  pi.  9,  fig.  28.  Cambrian. 

iCono(»ph  (Arionellm  t)'i  dorsalis  Hall,  1863;  16th  Rept.  New  York  State  Cab. 

l^gkt.  Hist.,  p.  222.  Potsdam. 

[Conoeeph'}  elegfans Hartt,  1868;  Acadian  Geology,  p.  650.  St.  John. 

IChnoceph'i  eos  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  151, 

pi.  7,  figs.  24,  25 ;  pi.  8,  figs.  2-9.  Potsdam. 

eos  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  8.  Geol.  Survey,  vol.  8,  p.  51. 

'  I  Conoeeph.  ]  eryon  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  157, 

pi.  7,  figs.  10-16;  pi.  8,  figs.  16,31.  Pot«dam. 

fitohi  Walcott,  1887;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  197,  pi.  1,  tig.  6. 

Cambrian. 

ICkmooeph.  ]  formoBus  Hartt.    (See  Ptyohoparia  robbl  Hartt.) 

IConooeph,  (Ptyohoparia)']  ffallatinenaia  Meek,  1873;  6th  Ann.  Rept.  U.  8.  Geol. 

Survey  Territories,  1872,  p.  485.  '  Potsdam, 

Referred  by  Walcott  to  Ptyohoparia  oioeni  Meek  and  Hayden. 

[Crqpioephalus  {Loganellua'i)  granvdoavLB  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Ezpl.  40th  Par.,  Palaeont.,  vol.  4,  p.  214,  pi.  2,  figs.  1,  2,  3.  Potsdam. 

grantdosos  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Gteol.  Survey,  vol.  8, 

p.  57. 

[Crepioephalu8iLoganellus)'i  haguei  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.,  PalaBont.,  vol.  4,  p.  210,  pi.  2,  figs.  14,  15.  Potsdam. 

hagnel  Walcott,  1884 ;  PaL  Eureka  Dist.,  Mon.  U.  S.  (Jeol.  Survey,  vol.  8,  p.  57. 

[Li808traeu8'\  haguei  Brogger,  1886 ;  Geol.  Foreningens  Stockholm  Forhandl., 

vol.  8,  p.  202. 
— —  IConooeph. ]  halli  Hartt.    (See  Ptyohoparia  creates  Hartt.) 
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Ptyohoparia  housensiB  WalooU,  1886;  Ball.  U.  8.  Geol.  Snrvey,  No.  30,  p.  201,  pi.  25, 

£g.  5.  Middle  Cambrian. 

— '-^  [Conooortfphe  (Coneephalitee)^  kiag;!!  Meek,  1870;  Pro©.  Acad.  Nat,  Sci.  Phila., 

vol.  22,  p.  6:^. 
ICotwoaryphe  (Cono€phalite9)'\  Mn^Meekf  1877 ;  U.  S.  Geol.  Expl.   40tti  Par., 

Pala)ont.,  vol.  4,  p.  20,  pi.  1,  tig.  4. 
[Cmoooryphe  {Ptyohoparia)]  kiugU  Moek,  IH73 ;  6th  Ann.  Kept.  U.  S.  Geol.  Sur- 

vey  Territorio8,  1872,  p,  487. 
— ^IConooorifphe  (Ptyohoparia)]  kingli  White,  1876;  IJ.  S.  Geojj.  and  Geol.  Surveys 

West  100th  Mer.,  Palaoont,  vol.  4.  p.  40.  pi.  2,  figs.  2  a,  b,  c. 
ILioetracus]  klngii  Br5gger,  18S6;    Geol.   Foreuiugens  Stockholm  Forbandl., 

vol.  8,  p.  205. 

kingil  Walcott,  1886;  BuU.  U.  8.  Geol.  Survey,  No.  30,  p.  193,  pi.  27,  figs.  4, 4  a. 

Middle  Cambrian. 
laavicepa  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

54,  pi.  10,  figs.  17, 18.  Cambrian. 
lConooephaHto8(Pterooephalu9)]  laMoepa  Hall  and  Whitfield,  1877;  U.  S.  Geol, 

Expl.  40th  Par.,  Palwont.,  vol.  4,  p.  67,  221,  pi.  2,  figs  4-7.  Cambrian. 
IPterocephalus]  laticepa  Walcott,  1884;  Pal.  Eureka  Dist,,  Mon.  U.  S.  GeoL  Snr 

vey,  vol.  8,  p.  59. 
?  Unnanwoni  Walcott.  1884;  Pal.  Eureka  Diet., Mon.  U.  S.  Geol.  Survey,  vol.8, 

p.  47,  pi.  9,  figs.  18, 18  a.  Cambrian. 

^— ^  ILoganellus]  logani  Devine,  1863 ;  Canadian  Naturalist,  vol.  8,  p.  95,  figure. 

Potsdam. 

lOlenust]  logani  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  201,  figs.  185,  186. 

Syn.,  I  Loganellus]  quebecensie  Billings  ;  idem,f  p.  203. 

logani  Walcott,  1884 ;  Bull.  U.  8.  Geol.  Survey,  No.  10,  p.  36. 

[Crepioephalus  (Loganella)]  msiCUloBVLa  Kail  and  Whitfield,   1877;  U.  S.  Geol. 

Expl.  40th  Par.,  Palaoont.,  vol.  4,  p.  215,  pi.  2,  figs.  21,  25,  26(f).         Potsdam. 
maculostia  Waloott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  pp. 

269,  271. 

IConooepK]  minor  Shumard.  1863;  Trans.  AcaCd.  Nat.  Sci.  St.  Louis,  vol.  2,  p.  105. 

Pgtsdam. 
(Undet.)  trilobite  Owen,  1848;  Geol.  Reconnoissauce  Chippewa  Land  Dist.,  p.  15, 

pl.  7,  fig.  4. 
[Conofcpfc.]  minor  Hall,  1863 ;  16th  Rept.  Now  Yofk  State  Cab.  Nat.  Hist.,  p.  149, 

pl.  8,  figs.  1-4. 

minor  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U  8.  Geol   Survey,  vol.  8,  p.  91. 

IConoceph.]  minutua  Bradley,  1860;  Am.  Jour.  Sci.,  2d  series,  vol.  30,  p.  24,  3 

figs.  Potsdam. 

ICoHoceph.]  minutUB  Bradley,  1860;  Canadian  Naturalist,  vol.  .5,  p.  420,  figs.  1-3. 

[Conoceph.]  minutua  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p. 

l.-iO,  pl.  8,  figs.  5-7. 

miuutUB  Walcott,  1684;  Pal.  Eureka  Dist.,  Mou.  U.  S.  Geol.  Survey,  vol.  8,  p. 91, 

minutua  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  21. 

IConocepk.]  miser  Billings,  1861 ;  New  or  little  known  Sil.  Foss.,  p.  12,  fig.  14. 

PotsdaoL 

IConooeph.]  miser  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  950,  fig.  354. 

IConoceph,]  miser  Billings,  1863;  Geol.  Canada,  p.  286,  tig.  393. 

[Conoceph.]  miser  Billings,  1865;  Pal.  Fo.ss.,  vol.  1,  p.  12,  fig.  14. 

miser  Walcott,  1886;  Bull.  U.  S.  Geol   Survey,  No  30,  p.  199,  pl.  27,  fig.  2. 

[Crepioephalus  (Loganelln)]  montanensis  Whitfield,  1876;  Rept.  Recon.  Upper 

Missouri,  p.  141,  pl.  1,  tigs.  1,  2.  Potsdam. 
montanensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL  8, 

pp.  53,  56. 
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PtjTchoparla  mucronatus  Shaler'and  Foerste,  1888;  Bull.  Mas.  Comp.  Zool.  Har- 
vard Coll.,  vol.  16,  p.  37,  pi.  2,  iig.  21.  Cambrian. 

ICoHoceph.^noBntna  Hall,  1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hiat.,  p. 

155,  pi.  7,  figs.  :i-9.  Potsdam. 

—  lOmooeph.]  neglecitis,     (See  Ptycboparia  tener.)   . 

ICrepioephalmiLoganella)^  nitidus  Hall  and  Whitfield,  1877;  U.  S.  Geol.  Expl. 

40th  Par.,  Pala5ont.,  vol.  4,  p.  212,  pi.  2,  figs.  6-10.  Cambrian. 

Syv.y  Crepioephalus  ILogaoella]  simulator  (Hall  and  Whitfield)  Walcott. 

nitidus  Walcott,  1984 ;  Pal.  Eureka  Dist.,  Mou.  U.  S.  Geol.  Survey,  vol.  8,  p.  57. 

oocidentalis  Walcott,  1884;  Pal.  Eureka  Dist.,  Mou.  U.  S.  Geol.  Surrey,  vol.  8, 

p.  51,  pi.  10,  fig.  5.  Cambrian. 

IConooeph,]  oieutes  Hartt,  1868;  Acadian  Geology,  p.  641»,  fig.  225.       St.  John. 

Syn.,  Conoceph,  halli  (Hartt)  Walcott;  Bull.  U.  8.  Geol   Survey,  No.  10,  p.  40. 

Conoceph.  ihersites  (Hartt;  Walcott ;  Bull.  U.  S.  Geol.  Snrvey,  No.  10,  p.  40. 

orestes  var.  theraites  Walcott,  18-J4;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  40. 

Syn.,  areaies  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10.  p.  .39,  pi.  5,  figs.  3, 
3a. 

\_8olenopleura'\  orestea  Matthew,  1887 ;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  154. 

pi.  2,  figs.  4  a-e. 
iFterocephalus'\  occidena  Walcott,  1884;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Sur- 
vey, vol.  8,  p.  58,  pi.  9,  fig.  21.  Cambrian. 

lCofiocepA.]ouangoudiana  Hartt,  1868;  Acadian  Geology,  p.  651,  fig.  226. 

St.  John. 

onangondiana  Walcott,  1884;  Bull.  U.  S.  Geol.  Snrvey,  No.  10,  p.  37,  pi.  5,  figs. 

4,  4  ar-f. 

onangondiaftia  var.  aurora  (Hartt)  Walcott;  Bull.  U.  S.  Geol.  Survey,  No.  10, 

p.  38,  pi.  5.  fig.  5. 

[^Lioslracus]  ouangondiana  Matthew,  1887 ;  Trans  Royal  Soc.  Canada,  p.  138. 

— ^  o^^reni  (Meek  and  Hayden)  Walcott,  1884  ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol. 
Snrvey,  vol.  8,  p.  55,  pi.  10,  figs.  3, 3  a.  (See  Agraulua  owenl  Meek  and  Hay- 
den.) 

The  following  species  are  referred  by  Walcott  (Mon.  U.  S.  Geol.  Survey,  vol. 
8,  p.  55)  to  Ptyohoparia  oweni : 

Arionellus  oweni  Meek  and  Hayden,  1862 ;  Am.  Jour.  Sci.,  2d  series,  vol.  .33,  p.  74. 
Agrauloa  oxceni  Meek  and  Hayden,  1864 ;  Pal.  Upper  Missouri,  p.  9,  tigs,  ar-c,  pi. 

l.flg.  4. 
Conocoryphe  {Ptychoparia)  gallatinensis  Meek,  1870;  6th  Ann.  Rept.  U.  S.  Gtool. 

Survey  Territories,  1872,  p.  485. 
Crepicephalm  (Loganella)  centralis  Whitfield,  1880 ;  Geol.  Resources  Black  Hills, 
Dakota,  p. 341, pi. 2,  figs. 21-24. 

[ Conoceph.  ]  oweni  Hull,  1863 ;  16th  Rept.  New  York  Stat«  Cab.  Nat.  Hist.,  p.  155, 

pi.  8,  figs.  17-20.  Potsdam. 

[^Crepicephalus  (LoganeUa)'i  planus  Whitfield,  1877 ;  Prelim.  Rept.  Pal.  Black 

Hills,  p.  11.  Potsdam. 

ICrepicephaltis]  planua  Whitfield,  1880;  Geol.  Black  Hills  Dakota,  p.  343,  pi.  2, 

fig.  20. 

?  pemasutUB  Walcott,  1884 ;  Pal.  Eureka  Dist. ,  Mon.  U.  S.  Geol.  Survey,  vol.  8,  p. 

49,  pi.  10,  figs.  8, 8  a,  b.  Cambrian. 

[  Conoceph.  ]  peraeus  Hall,  1863 ;  16th  Rept.  New  York  State  Cab.  Nat.  Hist. ,  p.  153, 

pi.  7,  figs.  17-22;  pi.  8,  fig.  33.  Potsdam. 

piochensis  Walcott,  1886;  Ball.  U.S.  Geol.  Survey,  No.  30,  p.  201.pl.  26,  fig.  2- 

2  a,  b ;  pL  28,  figs.  1-1  a-e.  Middle  Cambrian. 

?  proBpectensis  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol. 

8.  p.  46.  pi.  9,  fig.  20.  Cambrian. 
?  prospectenaiB  Walcott,  18%;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  202,  pi.  27, 
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Ptychoparia  quadrangularis  Whitfield.    The  sp^ifio  name  of  Conoceph.  quadratus 

being  preoccnpied.  Prof  R.  P.  Whittield  sabstitutes  that  of  qua drangularU  for 

the  species. 
ICrepicepalus  (Loyanella)]  qnadrans  Hall  and  Whitfield,  1877;  U.  S.  Geol.  ExpL 

40th  Par.,  Palaaont.,  vol.  4,  p.  238,  pi.  2,  figs.  11-13. 
quadrana  Walcott,  1886  ;*  Boll.  U.  S.  Geol.  Snrvey,  No.  JO,  p.  199,  pL  29,  figs.  4-4 

a,  b.  Cambnan. 

iCofioceph.'j  quadratus,    (See  Ptychoparia  quadrangularls.) 

IConoceph.l  quadratus  Hartt,  1868;  Acadian  Geology,  p.  654.  St  Jolm. 

quadratus  Walcott,  1884  ;  Bull.  U,  S.  Geol.  Surrey,  No  10.  p.  39,  pi.  5,  fig.  1. 

IConoceph.f]  quadratus  Whitfield,  1880;  Ann.  Rept.  Geol.  SurTey,  Wisconsin, 

1879.  p.  47. 
[Canoceph.t]  quadratus  Whitfield,  1882;  Geol.  Wisconsin,  vol.4,  p.  180, pi.  1, 

figs.,  15, 16.    (See  Ptychoparia  quadrangularls  Whitfield.) 

:  [ Conoceph,^  rohH  Hartt,  1868 ;  Acadian  Geology,  p.  648.  St.  John. 

Syn.,  Coiioc^yfc./orwMa (Hartt) Walcott;  Bull. U. S. Geol, Survey, No.  10, p. 36. 

YohH  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  36,  pi.  6,  figs.  1, 1  a. 

ISolenopleurd]  robbi  Matthew,  1887 ;  Trans.  Royal  Soo.  Canada,  vol.  4,  p.  153,  pL 

2,fig8.3  a-1;  fig.4a-e. 

rogersi  Walcott,  1884 ;  BuU.  U.  S.  (SfeoL  Survey,  No.  10.  p.  47.  pi.  7,  fig.  2. 

Lower  Cambrian. 
IConoceph.^  shumardi  Hall,  1863 ;  16th  Rept. New  York  State  Cab.  Nat.  Hist.,  p. 

154.  pi.  7,  ^gs.  1-2 ;  pi.  3,  figs.  19, 32.  Potsdam. 
similis  Walcott.  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  8.  G«oL  Survey,  voL  8,  p.  52,  pi. 

10,  figures.  Cambrian. 

similis  var.  robustus  Walcott ;  icient.,  p.  53,  pi.  1,  figs.  9. 9  a. 

IConoceph.'i  subooronatus  Hall  and  Whitfield,  1877;  U.  S.  Geol.  ExpL  40th 

Par.,  PalflBont.,  vol.  4,  p.  237,  pi.  2.  fig.  1. 
subooronatus  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  205,  pi.  28, 

fig.  4.  Middle  Cambrian. 
IConooeph.'i  teucev  Billings,  1861;  New  or  little  known  Sil.  Foss.,  p.   12, 

fig.  16. 

IConoceph,']  teuoer  Billings,  1861 ;  Geol.  Vermont,  vol.  2,  p.  951,  fig.  356. 

'  IConoceph.'i  teucer  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  13,  fig.  16. 

[CenooepA.]  teucer  Billings,  1863;  Geol.  Canada,  p.  286,  fi^.  295. 

teuoer  Walcott,  1886;  BulL  U.  S.  Geol.  Survey,  No.  30,  p.  197,  pi.  26,  fig.  3. 

Middle  Cambrian. 

ICanooeph.l  tener  Hartt,  1868 ;  Acadian  Geology,  p.  652.  St.  John. 

Syn.,  Conoceph.  neglectus  (Hartt)  Walcott,  1884;  Bull.  U.  S.  Geol.  Survey,  No.  10, 

p.  41. 

tener  Walcott,  1884 ;  Bull.  U.  S.  Geol.  Survey,  No.  10,  p.  41,  pi.  5,  figs.  6,  6  a,  b. 

[  Co noceph .  ]  thersi  tes.    ( See  Ptychoparia  orestus  Hartt. ) 

trilineatua.    (See  Atops  trilineatus,  Conoooryphe  txilineatus,  Conooepha- 

lites  trilineatus.  Calymene  beckii.  Triarthrua  beckii) 
ICrepicfphalus  {Loganella)]  unisulcatus  Hall  and  Whitfield,  1877;  U.  S.  Geol. 

Expl.  40th  Par.,  PalsBont.,  vol.  4,  p.  216,  pi.  2,  figs.  22,23.  Cambrian. 
unisulcatus  Walcott,  1884  ^  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  58. 
lConoceph.'\  verucosus  Whitfield,  1884 ;  BuU  Am.  Mus.  Nat.  Hist.,  vol.  1,  p.  146, 

pi.  14,  fig.  12.  Potsdam. 
[Conoceph.^  vuloanus  Billings,  1861;  New  or  little  known  Sil.  Foss.,  p.  14, 

fig.  17. 

[Conoceph.]  vuloanus  Billings,  1861;  Geol.  Vermont,  vol.  2,  p.  952,  fig. 357. 

[conocephri  vulcanus  Billings,  1863;  Geol.  Canada,  p.  286,  fig.  296. 

IConooeph.]  vuloanus  Billings,  1865 ;  Pal.  Foss.,  vol,  1,  p.  14,  fig.  17. 
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Ptycboparia  vuloanus  Walcofct,  1886;  Bull.  U.  S.  GeoL  Survey,  No.  30,  p.  196,  pi. 
26,  ligs.  4,  4  a.  Middle  Cambrian. 

Compare  Ptychoparia  adamsi. 

IConooeph.'i  winoua  Hall,  1863;  16th  Eept.  New  York  State  Cab.  Nat.  Hist.,  p. 

161,  pi.  7,  figs.  26-28.  Potsdam. 

{,Conoceph,'i  senkeri  Billings,  1860;  Canadian  Naturalist,  vol.  5,  p.  305,  fig.  4. 

Quebec, 

ICoHOceph,']  zenkerl  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  398,  fig.  375. 

Remopleuxldes  Portlock,  1843 ;  Kept.  GeoL  Londonderry,  etc.,  p.  254. 
Type,  Bemopleurides  oolbii  Portlook. 
Syn.,  Caphyra  Barrande,  1846;  Notice  Prelim.,  p.  32. 
Amphytryon  Corda,  1847 ;  Prodr.,  p.  228. 

afSnis  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  325,  fig.  313.  Quebec. 

oanadeilBis  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  182,  fig.  164.  Chazy. 

panderi  Billings,  1865 ;  Pal.  Foss.,  vol.  1,  p.  293,  fig.  283.  Quebec. 

?  sohlotheimi  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  294,  fig.  284.  Quebec. 

Syn.,  Faradoxides  or  Olenellua  Billings,  1863;  Geol.  Canada,  pp.  871,872. 

striatulos  Walcott,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  347,  fig.  27, 

27  a,  b.  Trenton. 

Sao  Barrande,  1846;  Notice  Prelim.  Syst.  Sil.  Boh^me,  p.  13. 

?  lamottenBls  Whitfield,  1886;  Bull.  Am.  Mus.  Nat.  Hist.  New  York,  vol.  1,  p. 

334,  pL  3:^,  figs.  9-11.  Birdseye  Limestone. 

ahnmardia  Billings,  1862;  Pal.  Foss.,  vol.  l,p.92. 
Type,  Shumardia  granulosa  Billings. 

The  generic  name  therein  suggested  by  Mr.  E.  Billings  for  a  minute  Trilobite 
includes  a  specimen  having  an  expanding. glabella,  with  two  anterior  side 
nodules,  simular  to  those  of  Batius  pimllua  Sar,  the  genus  being  allied  to 
Agnostus,  differing  therefrom  in  having  a  regularly  ribbed  pygidium,  similar  to 
that  of  an  Asaphi^,  Comparing  Mr.  £.  BiUings's  type,  Shumardia  granulosa^ 
with  Cimophrya  salopiensis  Galloway  (Quart.  Jour.  Geol.  Soc.  London,  vol.  33,  p. 
667,  pi.  12.  fig.  7),  which  W.  C.  Br5gger  (Sil.  Etagen  2  und  3,  p.  125)  refers  to  as 
a  synonym  to  Baitus  pttsillMj  we  find  a  similar  characteristic  in  the  glabella. 
The  pygidium  of  iS^umardia  granulosa  has  however  a  more  semi-oval  form,  with 
a  greater  number  of  axis  rings  and  an  additional  number  of  ribs  on  the  side 
lobes. 

The  head  of  Shunujtrdia  granulosa  differs  from  Baitus  pusillus  in  having  a 
groove,  which  runs  from  the  anterior  front  of  the  glabella  to  the  frontal  margin 
of  the  head,  a  characteristic  of  some  species  of  AgnosUdce  {vid,  Brogger,  Sil. 
Etagen  2  und  3,  pi.  1,  fig.  10). 

Mr.  Billings  remarks  '^  that  in  some  specimens  this  furrow  has  at  the  bottom 
a  smaU  triangular  tubercle,  giving  the  glabella  the  appearance  of  having  a 
projecting  angular  process  in  the  middle  of  its  front.''  I  am  more  inclined  to 
view  this  triangular  tubercle  as  a  point  of  attachment  for  the  muscles  of  the 
jaws,  and  not  as  a  process  for  the  attachment  of  antennae. 

Mr.  £.  Billings  in  the  same  book  gives  a  description  of  a  second  species, 
which  he  calls  Shumardia  gladalis,  figured  p.  283.  fig.  270.  The  species  is 
represented  with  three  glabella  furrows,  and  should  not  be  included  in  the 
genus  Shumardia, 

If  these  forms  are  not  embryonic,  against  which  in  the  case  of  Conophrys 
falopiensis  Mr.  C.  Callaway  dissents  on  account  of  the  constant  size  of  the 
heads  and  the  absence  of  the  facial  sutures  amongst  the  larger  specimens,  I 
would  advocate  the  acceptance  of  the  new  genus  Shumardia  amongst  the  Agnos- 
Uda  for  buch  species  as  Shumardia  granulosa  and  Baitus  pusillus  to  replace  the 
latter  generic  term  of  Conophrys, 
Bull.  03 10 
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Soleiu^leiini  ADgelin,  1854;  Palsont  Soand.,  p.  26. 
Type,  Solemopleura  liolatMiopa  Angelin. 

DiagDOdis:  Glabella  promiDent,  with  three  diatinct  fanows;  fixed  cheeks, 
elevated  especially  in  the  middle;  frout  limb  convex;  occipital  ring  bearing  a 
tubercle;  genal  angles  pointed;  thorax,  plfursB  bluntly  rounded;  pygidiom 
small  with  few  segments;  surface  of  shell  granulated  with  or  without  scat- 
tered tubercles. 

aoadia  Whiteaves,  1885;  Trans.  Boyal  Soc.  Canada,  voL  3,  p.  76,  pi.  7,  fig.  15. 

Cambrian. 

aoadia  Whiteaves,  1887;  Trans.  Royal  Soc.  Canada,  voL  4,  p.  157,  pL  2,  figs. 

5  a,  b,  c. 

aoadia  var.  elongata  Matthew,  1887 ;  idem.,  p.  159,  pi.  1,  fig.  6. 

bombifrona  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  156,  figs.  5-5  a  b. 

St.  John. 

oommimia  Billings,  1874 ;  Pal.  Foss.,  vol.  2,  p.  72.  Potsdam. 

oommunia  Matthew,  1886 ;  Trans.  Royal  Soc.  Canada,  vol.  2,  p.  155,  figs.  4-4  a»  b. 

nana  Ford,  1878 ;  Am.  Jour.  Sci.,  3d  series,  voL  15,  p.  126.  Potsdam. 

- —  nana  Walcott,  1886;  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  214,  pi.  27,  fig.  3. 

?  nana  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  196,  pi.  1,  figs.  1-1  d. 

Cambrian. 

oresteui  (Hartt)  Matthew,  1887 ;  Trans.  Royal  Soc.  Canada,  vol.  4,  p.  154,  pi.  2^ 

figs.  4  a-e. 
Syn.,  robhi  (Hartt)  Matthew,  1887;  Trans.  Royal  Soc.  Canada,  voL  4,  p.  153^ 
pi.  2,  figs.  3  a-1  and  figs.  4  a-e.  St.  John. 

?  tnmida  Walcott,  1887 ;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  196,  pi.  1,  fig.  2, 2  a. 

Cambrian. 
Bphaore^oolma  Beyrich,  1845 ;  Ueber  einige  bohmische  Trilobiten,  p.  19. 
Type,  8pkcerexochu8  miru9. 

oanadenaia  Billings,  1866 ;  Catalogue  Sil.  Foss.  Anticosti,  p.  64,  fig.  ^1. 

mima  (Beyrich) Roemer,  1860 ;  Die  SiL  Fauna  W.  Tennessee,  p.  81,  pi.  5,  fig.  20. 

Niagara. 

parvna  Billings,  1865;  Pal.  Foss.,  vol.  1,  p.  180,  fig.  161.      Chazy  and  Trenton. 

ron^geri  Hall,  1862 ;  Geol.  Rept.  Wisconsin,  p.  434.  Niagara. 

Syn.,  mirw  Hall  (not  Beyrich),  1867 ;  20th  Rept.  New  York  State  Cab.  Nat. 
Hist.,  p.  334,  pi.  21,  figs.  4-7. 

romlngexl  Hall,  1867 ;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  375,  pL  22, 

figs.  4-7. 
-—  romingeri  Hall,  1870;  20th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  425,  pL 
21,  figs.  4-7  (rev.  ed.). 

rpmlngeri  Whitfield,  1882;  C^l.  Wisconsin,  vol.  4,  p.  311,  pi.  21,  figs.  1-3. 

romingeri  ?  Hall;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  32,  pi.  32,  fig.  16. 

romingeri  Meek  and  Worthen,  1875;  G^l.  Survey  Illinois,  vol.  6,  p.  510,  pL24, 

fig.  4. 
Bphasrocoryphe  Angelin,  1854 ;  Palseont.  Scand.,  p.  65. 
Type,  SphcBrocoryphe  dentata  Angelin. 

robustna  Walcott,  1875 ;  Cincinnati  Quart.  Jour.  Sci.,  toL  2,  p.  273,  figs.  18  a,  b. 

Trenton. 

aalteri  Billingn,  1860 ;  Catalogae  Sil.  Foss.  Anticosti,  p.  63. 

Symphysnrus  Goldfoss,  1843;  Jahrb.  fiir  Mineral.,  1843,  p.  552. 

?  goldfosai  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  vol.  8, 

p.  95,  pi.  12,  fig.  16.  Pogonip. 

TelephuB  Barrande,  1852;  Syst.  Sil.  Bohdme,  vol.  1,  p.  890. 

americanuB  Billings,  1665;  Pal.  Fosh.,  vol.  1,  p  291,  figs.  281.  Quebec. 

I^ataspU  Hall,  1863 ;    I6tb  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  223.     (See 

Lichaa  and  Acidaapis.) 
— »  grandU*    (See  Lichaa  ITeratasput]  grandla  Hall.) 
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TeratatpU  ericpe,    (See  I^ohas  [  ConoUekaa']  eiiopa  Hall. ) 
Thaleopa  GoDrad,  1843;  Proo.  Acad.  Nat.  Sol.  Phila.,  vol.  l,  p.  332. 

awitu*  Conrad.    (See  HUenus  ovatus. ) 

Tiiarthrella  Hall,  1863;  16th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  177. 

anroraUs  Hall,  1863 ;  16th  Bept.  New  York  State  Cab.  Nat.  Hist.,  p.  177,  pi.  9, 

^g.  13.  Potsdam. 

Triarthros  Green,  1832 ;  Monthly  Am.  Jonr.  Qeol,,  vol*  1,  p.  560  (Jane).    Green,  1832 ; 
Hon.  Tril.  North  America,  p.  86. 
Type,  Triarthrus  heokii  Green. 

beoldl  Green,  1832;  Monthly  Am.  Jour.  Geol.,  vol.  1,  p.  660,  pi.  1,  fig.  3  (June). 

beckil  Green,  1832;  Mon.  Tril.  N.  A.,  pi.  86,  cast  34,  pi.  1,  fig.  3. 

beckil  Harlan,  1835;  Trans;  Geol.  Soo.  Penn.,  vol.  1,  p.  205,  pi.  15,  fig.  6. 

Syn.,  [Paradoxides'i  triarthrus  Harlan,  1835 ;  Trans.  Geol.  Soc.  Penn.,  vol.  1,  pi. 
p.  264,  15,  fig.  5. 
IParadoxides'i  arouatus  Harlan,  1835 ;  Trans.  QeoL  Soc.  Penn.,  vol.  1,  p. 
265,  pi.  15,  figs.  1-3. 

beckil  Harlan,  1835;  Med.  Phys.  Researches,  p.  400,  pi.,  fig.  6. 

Syn.,  [Paradoxides'i  triarthrus  Harlan,  1835;  Med.  Phys.  Researches,  p.  401,  pi., 
fig.  5. 
iParadoxides']  arouatus  Harlan,  1835;  Med.  Phys.  Researches,  p.  402,  pi., 
figs.  1-3. 

beckil  Green,  1835 ;  Snppl.  Mon.  Tril.  N.  A.,  p.  vii. 

iParadoxide8;\  beckil  Hall,  1838;  Am.  Jonr.  Sci.,  1st  series,  vol.  33,  p.  142,  fig.  2. 

Syn.,  Paradoxides  eatoni  Hall,  1838;  Am.  Jour.  Sci.,  1st  series,  vol.  33,  p.  142, 
fig.  2. 

beckil  Green,  1838 ;  Am.  Jonr.  Sci.,  1st  series,  vol.  33,  p.  344. 

beckU  Mather,  1842;  Geol.  New  York,  Ist  Geol.  Dist.,  p.  390.  fig,  24  (1). 

beckil  Emmons,  1842;  Geol.  New  York,  2d  Geol.  Dist.,  p.  399,  fig.  110  (1). 

beckil  Vanuxem,  1843;  Geol.  New  York.,  3d  Geol.  Dist..  p.  57,  fig.  8  (1). 

beckil  Hall.  1843;  Geol.  New  York,  4th  Geol.  Dist.,  p.  504. 

[Cal^mene'i  beckU  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  237,  pi.  64,  figs.  2  a-e. 

ICalifmene'i  beckil  Hall,  1847;  PaL  New  York,  vol.  1,  p.  250,  pL  66,  figs.  2  a-k 

(not  pi.  67,  fii^.  4  a-e,  Atops  trilineaius). 
Syn.,  Atops  triUneatus  (Emmons)  Hall,  1847;  Pal.  New  York,  vol.  1,  p.  237. 

ICalymene'i  beckl  Hall,  1848 ;  Am.  Jour.  Sci.,  2d  series,  vol.  5,  p.  322,  figs.  1  a,  b, 

2a-g. 

beckl  Emmons,  1848 ;  Am.  Assoc.  Adv.  Sci.,  p.  17. 

beckil  Haldeman,  1848;  Am.  Jour.  Sci.,  2d  series,  vol.  6,  p.  137. 

beckil  Emmons,  1855;  Am.  Geology,  vol.  1,  pt,  2,  p.  214,  pi.  15,  fig.  12. 

lCalymeM'\  beckil  Rogers,  1858;  Geol.  Survey  Penn.,  vol.  2,  p.  820.  fig.  613. 

beckil  Barrande,  1^1 ;  Soc.  G^l.  France,  2d  series,  p.  269,  pL  5,  figs.  11, 12. 

beckil  Logan,  1863 ;  Geol.  Canada,  p.  202,  fig.  200. 

beckil  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  146. 

beckl  Walcott,  1876;  Trans.  Albany  Inst,  vol.  10,  p.  23,  pi.  2,  figs.  1-16. 

Trenton. 

IBrangniartia']  cardnodea  Eaton,  1832;  Am.  Jonr.  Sci.,  1st  series,  vol.  22,  p. 

166  (March  6). 
— —  IBrongniartia']  carcinodea  Eaton,  1832;  Geol.  Text  Book,  p.  33,  pi.  1,  &g.  3. 

canadenala  Smith,  1861 ;  Canadian  Jour.,  vol.  6,  p.  275.  Hudson. 

fiacherl  Billings,  1861 ;  Pal.  Foss.,  vbl.  1,  p.  291,  Qg,  280.  Quebec. 

glaber  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  382.  Utica. 

glaber  Billings,  18G3;  Geol.  Canada,  p.  202,  fig.  198. 

apinoBUS  Billings,  1859;  Canadian  Naturalist,  vol.  4,  p.  382.  Trenton. 

splnosna  Billings,  18G3;  Geol.  Canada,  p.  202,  fig.  199. 

splnoaaa  Ami,  1882;  Trans.  Ottawa  Nat.  Club,  vol.  for  1882-'83,  p.  88,  pi.  1,  figure. 
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Triartknu  trimenu  Green,  1832;  MoDthly  Am.  Jour.  GeoL,  vol.  1,  p.  560.    (See  H6- 

malonotns  delphinooeplialUB  and  H.  jaokaonl.) 
Trinuoleas  Lhwyd,  1696;  Lithophyaoii  Britannioi  Ichnograpliift,  EpiatoU  1.    Mnr- 

chison,  Silarian  System,  1839,  p.  659. 

Sir  R.  I.  Marohieon  has  revived  ibis  old  name  of  Lhwyd's  from  classical  feel- 
ings, and  all  snbseqnent  palsBontologista  have  adopted  it.    Lhwyd's  description 

meant  no  more  thui  the  general  name  of  Trllobite  of  the  more  modem  writers, 

and  conld  not,  except  by  courtesy,  set  aside  Dr.  Jacob  Green's  genns  CrifptolithuB, 

b^nlos  Ulricb,  1878 ;  Joor.  Cincinnati  Soc.  Nat.  Hist.,  voL  1,  p.  99,  pL  4,  fig.  15. 

INuttaimia'i  oonoentiloa  Eaton,  1832 ;  Geological  Text  Book,  p.  34,  pi.  1,  fig.  2. 

Syu.,  IHloH(0  Bigsby,  18S5;  Annals  Lyceum  Nat.  Hist.  New  York,  vol.  I,  pt.  2, 

p.  214,  pi.  15,  fig.  1.  Trenton  and  Hudson. 

CrjfptoUihus  te$aeHatus  Green,  1832;  Mon.  TrlL  N.  A.,  p.  73,  cast  38,  pi.  1,  fig.  4. 

Crifptolithu9  teaseUatui  Green,  1832;  Monthly  Am.  Jour.  Geol.,voL  l,pLl, 

fig.  4. 

oonoentiloa  Hall,  1847 ;  Pal.  New  York,  voL  1,  pp.  249, 255,  pi.  65,  figs.  4  a,  b ;  pi. 

67,  figs.  1  a-h. 

oonoentrioa  Emmons,  1855 ;  Am.  Geology,  vol.  1,  pt.  2,  p.  212,  pL  17,  fig.  1. 

oonoentrioa  Chapman,  1858;  Canadian  Jour.,, vol.  3,  p.  514. 

oonoentiloa  Billings,  1861 ;  Geol.  Vermont,  vol.  1,  p.  300,  fig.  215. 

oonoentiloa  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  voL  1,  p.  126. 

Zaoanthoides  Waloott,  1887  ;  Am.  Jour.  Sci.,  3d  series,  voL  36,  p.  165. 

Type,  Zaoanthoides  spinous  Walcott. 
lDioelloeephalu9f\  flagrloauda  White,  1874 ;  Prelim.  Rept.  Invt.  Foss.  Geog.  and 

GeoL  Survey  West  100th  Mer.,  p.  12.  Cambrian. 
IDiceOoc^halua  f  ]  flagrloauda  White,  1877 ;  U.  S.  Geog.  and  GeoL  Survey  West 

100th  Mer.,  vol.  4,  p.  60,  pi.  3,  ^.  8  a,  b. 
[  OUnoidw'i  flagrloauda  Walcott,  1886 ;  Bull.  U.  S.  GeoL  Survey,  No.  30,  p.  185,  pi. 

25,  fig.  4. 

flagrloanda  Walcott,  1888 ;  Am.  Jour.  Sci.,  3d  series,  voL  36,  p.  165. 

L  0Unoide9'\  leyia  Walcott,  1886 ;  Bull.  U.  S.  GeoL  Survey,  No.  30,  p.  187,  pi.  25,  figs. 

3, 3  a.  Cambrian. 

leyia  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol.  36,  p.  165. 

[O^^f]  apinoaaa  Waloott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  GeoL  Survey, 

voL  8,  p.  63,  pi.  9,  fig.  22.  Middle  Cambrian. 
lOUnoides^  apinoaua  Walcott,  1886 ;  BulL  U.  S.  Geol.  Survey,  No.  30,  p.  184,  pi.  25, 

figs, 6,6  a. 
[Emholimus']  apinosna  (Rominger)  Walcott,  1888;  Am.  Jour.  Sci.,  3d  series,  vol. 

36,  p.  164. 

apinoaua  Waloott,  1888 ;  Am.  Jour.  Sci.,  3d  series,  voL  36,  p.  165. 

[OltfikmiM]  typioalla  Walcott,  1886 ;  BnU.  U.  &  Geol.  Survey,  No.  30,  p.  183,  pi.  25, 

figs.  2, 2  a.  Middle  Cambrian. 
typioalla  Walcott,  1888;  Am.  Jour.  SoL,  3d  series,  voL  36,  p.  165. 
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PART    III. 


NON-TRILOBITIC  GENERA  AND  SPECIES. 


MBEOSTOMATA. 

EUEYPTERID^. 

EuBTPTBRUB  De  Kaj,  1825;  Annals  Lyceum  Nat.  Hist.,  vol.  1,  p.  375. 
DOLICHOPTBRUS  Hall,  1859;  Pal»ont.  New  York,  vol.  3,  p.  414. 
EcuiNOGNATHUS  WsJcott,  1882;  Am.  Jour.  8ci.,  3d  series,  vol.  23,  p.  213. 
Adblophthalmus  Jordan  and  Meyer,  1854 ;  Crust.  Steinkohl.  Saarb.,  p.  8, 
Glyptoscorpius  Peach,  1880;  Trans.  Royal  Soc.  Edinb.,  vol.  30,  p.  516. 
Abthropleura.  Jordan  and  Meyer,  1854 ;  Crust.  Steinkohl.  Saarb.,  p.  13. 

PTERYGOTID^. 

Ptbbtootus  Agassiz,  1844 ;  Mon.  Poissons  Foss.,  note,  p.  xix. 
SuMONiA  Page,  1856;  Advance  Text-Book  Geology,  p.  135. 
Sttlonurub  Page,  1856 ;  Advance  Text-Book  Geology. 

STNZltHOSUEA. 

AoAiTTHOTELSON  Meek  and  Worthen,  1865 ;  Proc.  Aead.  Nat.  SoL  Phila.,  voL  17,  p.  46 ; 
Geol.  Survey  Hlipois,  vol.  2,  1866,  p.  309. 

XIPHOSUEA. 

CYCLID^. 

Ctclus  De  Koninok,  1841 ;  Mto.  Acad.  Sci.  Belgique,  vol.  14,  p.  13. 
DiPBuna  Packard,  1885;  American  Naturalist,  vol.  19,  p.  293. 

BUNODID-E. 

BUNODSS  Eichwald,  1854 ;  BeltrSge  Geol.  u.  Pal.  Russ.,  p.  131. 
H1MI8API8  Woodward,  1865;  Quart.  Jour.  Geol.  Soc.  London,  vol.  21,  p.  490. 
EXAPINURUS  Nieezkowski,  1859;  Archlv  Nat.  Liv-,  Esth-  u.  Kurl.,  vol.  1,  p.  380. 
PBWJDONI8CU8  Neiszkowski,  1859;  Arohiv  Nat.  Liv-,  Esth-  u.  Kurl.,  vol.  1,  p.  381. 

LIMULID-ffi. 

BiUNURVB  Koenlg,  1820;  Icones  Foss.  SeotUes,  pi.  18,  fig.  230. 

Pbistwichia  Woodward,  1887 ;  Quart.  Jour.  GeoL  Soc.  London,  vol.  23,  p.  32. 
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LiMULUS  Miiller,  1785;  Entomostraca,  etc.,  p.  124. 

PROTOLIMULUS  Packard,  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  150. 

Nbouhulus  (Woodward,  1868;  Geol.  Mag.,  vol.  5,  p.  1. 

PHYLLOPODA. 

CERATIOCAKIDiE. 

HTifENOCARis  Salter,  1858;  Rept.  22d  Meeting  Brit.  Assoc.  Adv.  ScL,  Trans.  Sec, 

p.  66. 
Cbbatiocaris  McCoy,  1849;  Annals  Mag.  Nat.  Hist  London,  2d  series,  vol.  4,  p.  412. 
EcHiNOOARis  Whitfield,  1880;  Am.  Joar.  Sci.,  3d  series,  vol.  19,  p.  34. 
DiDTOCARis  Salter,  1860 ;  Annals  Biag.  Nat.  Hist.  London,  3d  series,  vol.  5,  p.  161. 
DiXHTOCA^is  (Sconler)  Portlock ;  Geol.  Rept.  Londonderry,  etc.,  1843,  p.  313. 
Protocajiis  Waloott,  1884;  Ball.  U.  S.  Geol.  Survey,  No.  10,  p.  50. 
Elymogaris  Beeoher,  1884 ;  2d  Geol.  Survey  Penn.,  vol.  PPP.,  p.  13. 
Tropidocaris  Beecher,  1884 ;  2d  Geol.  Rept.  Penn.,  vol.  PPP.,  p.  15. 
Phtsocaris  Salter,  1860 ;  Annals  Mag.  Nat.  Hist.  London,  3d  series,  vol.  5,  p.  159L 
Phasoakocarib  Novak,  1886 ;  Sitznngsb.  bohm.  G^esell.,  1886,  p.  498. 
AcAMTHOCARis  Peach,  1882;  Trans.  Royal  Soc.  Edinb.,  vol.  30,  p.  511. 

DISCINOCARID-E. 

DisciNOCARiB  Woodward,  1866;  Quart.  Jonr.  Geol.  Soc.  London,  voL  22,  p.  504. 
Spathiocaris  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  477. 
Pholadocaris  Woodward,  1882 ;  Geol.  Mag.,  decade  3,  vol.  9,  p.  388. 
Elupsocaris  Woodward,  1882 ;  Geol.  Mag.,  decade  3,  vol.  9,  p.  444. 
LisooGARis  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  478. 
Cardiocaris  Woodward,  1882 ;  Geol.  Mag.,  decade  3,  vol.  9,  p.  386. 
DiPTRROCARis  Clarke,  1883 ;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  121. 
Pterocaris  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  vol.  1,  snppl.,  p.  464.' 
Crescbntella  Barrande,  1872 ;  Syst.  Sil.  Bobdme,  voL  1,  snppl.,  p.  507. 
Aptychopsis  Barrande,  1872;  Syst.  Sil.  BohAme,  vol.  1,  snppl.,  p.  455. 
PsLTOCARis  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  87. 
PiNNOCARis  Etheridge,  1878 ;  Proc.  Royal  Phys.  Soc.,  Edinb.,  vol.  4,  p.  167. 
Pttchooabis  Novak,  1885;  Sitzungsb.  bohm.  Gesell.,  1885,  p.  343. 

RHINOCARID-E. 

Rhinocaris  Clarke,  1888 ;  PalsBont.  New  York,  vol.  7,  p.  Iviii. 
CoLPOGARis  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  334. 
SoLENOGARis  Meek,  1871 ;  Proc.  Acad.  Nat, Sci.  Phila.,  vol.  23,  p.  335.    Name  shoold 

be  changed,  preoccupied  by  J.  Young.    See  Striqocaris. 
Mesothtra  Hall,  1888 ;  Palseont.  New  York,  vol.  7,  pp.  Ivi,  187. 
Sacocaris  Salter,  1868;  Proc.  Geol.  Polytech.  Soc,  vol.  4,  p.  588. 
LiNGULOCARis  Salter,  1866 ;  Mem.  Geol.  Survey,  vol.  3,  pp.  252, 253,  and  294. 
SOLBNOCARis  Young,  1868 ;  Proc.  Nat.  Hist.  Soc.  Glasgow,  vol.  1,  p.  171. 
RosTROCARis  Kinnear,  1887;  Trans.  Edinb.  Geol.  Soc,  vol.  5,  p.  417. 
Caryocaris  Salter,  1863;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  139. 
Entomidella  Jones,  1873 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  voL  11,  p.  416. 
Arch^ocaris  Meek,  1872 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  .335. 
Mtogaris  Salter,  1864 ;  Quart.  Jour.  Geol.  Soc  London,  vol.  20, 1664,  p.  292. 
ESTOBRIA  Btippell,  1857 ;  Mus.  Senckenberg,  vol.  2,  p.  119. 
Lbaia  Jones,  1882 ;  Mon.  Fossil  Estheria,  p.  115. 
SCHIZODISGUS  Clarke,  1888;  Palaeont.  New  York,  vol.  7,  p.  207. 
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BIVALVED  ENTOMOSTRAOA. 
CYPRIDINIDiE. 

Cypridina  Milne^Ed wards,  1838 ;  Lamarck's  Anim.  s.  Vert.,  vol.  5,  p.  178. 
Ctpridinblla  Jones  and  Kirkby,  1874;  Mon.  Carboniferoas  Entom.,  p.  21. 
Ctpridbixina  Jones  and  Kirkby,  1874;  Mon.  Carboniferoas  Entom.,  p.  25. 
SULCONA  Jones,  1873;  Qoart.  Jonr.  Geol.  8oc.  London,  vol.  29,  p.  411. 
Cypreixa  De  Eoninck,  1841 ;  M6m,  Acad.  Koyale  Brnxelles,  vol.  14,  p.  19. 
Bradtcinbtus  Sars,  1865 ;  Overagt  af  Norges  Marine  Ostracoder. 
Philohedes  Lilljeborg,  1853 ;  Croat,  in  Scania  Ocourrentibas,  p.  175. 
Rhombixa  Jones  and  Kirkby,  1874 ;  Mon.  Carboniferous  Entom.,  p.  43. 

ENTOMOCONCHID^. 

Entomoconchus  McCoy,  1839;  Jonr.  Geol.  Soc.  Dnblin,  voL  2,  p.  91. 
Offa  Jones  and  Kirkby,  1874 ;  Mon.  Carboniferoas  Entom.,  p.  53. 

POLYCOPID^. 
POLTCOPB  Sars,  1865;  Oveisigt  af  Norges  Marine  Ostracoder. 

ENTOMIDID^. 
EirroMis  Jones,  1861 ;  Mem.  Oeol.  Survey  Scotland,  Expl.  map  32,  p.  137. 

CYTHERELLID-ffi. 

CTTEnsREiXA  Jones  and  Bosquet,  1848  and  1852. 

Ctthbrbluna  Jones  and  HoU,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series, 

vol.  3,  p.  215. 
CTTHBRnrA  Lamarck,  1818 ;  Animaux  sans  Vert.,  vol.  5,  p.  125. 
iBcHHiKA  Jones  and  HoU,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  vol.  3, 

p.  217. 

LEPERDITID-ffi. 

Lepbrditia  Bouault,  1851 ;  Bull.  Soc.  Q6ol.  France,  2d  series,  vol.  8,  p.  377. 
Bernix  Jones,  1884 ;  Proc.  Berwickshire  Nat.  Club,  vol.  10,  p.  316. 
Isochujna  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  248. 
PRncrriA  Jones  and  Holl,  1865 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  16, 

p.  416. 
Betrichia  McCoy,  1846 ;  Synopsis  Sil.  Foss.  Ireland,  p.  57. 
Betrichiella  Jones  and  Kirkby,  1886 ;  Qeol.  Mag.,  n.  s.,  decade  3,  vol.  3,  p.  438. 
Kirkbya  Jones,  1869;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  vol.  3,  p.  223. 
MooREA  Jones  and  Kirkby,  1867 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  vol.  3, 

p.  225. 
Phreatura  Jones  and  Kirkby,  1886;  Quart.  Jour.  Geol.  Soc.  London,  vol.  42,  p.  507. 
Strbpula  Jones  and  Holl,  1886 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  17, 

p.  403. 
Bolua  Jones  and  Holl,  1886 ;  Annals.  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  17, 

p.  360. 
KixEDiKiA  Jones  and  Holl,  1886 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  17, 

p.  362. 
Betrichiopsis  Jones  and  Kirkby,  1886 ;  Geol.  Mag.,  decade  3,  vol.  3,  p.  434. 
Aparchites  Jones,  1889 ;  Annals  Mag.  Nat.  Hist.,  6th  series,  vol.  3,  p.  385. 
PRncrroPSlS  Jones,  1887 ;  Notes  on  some  Sil.  Ostracoda  from  Gothland,  p.  5.  . 
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PlacENTURA  Joti68  and  Holl,  1886;  Annals  Mag.  Nat.  HUt.,  London,  5th  series,  vol. 

17,  p.  407. 
KTAMODBS  Jones,  1888;  Annals  Mag.  Nat.  Hist.,  London,  6th  series,  yoL  2,  p.  29S. 
Ctprosis  Jones,  1881 ;  Geol.  Mag.,  decade  2,  toI.  8,  p.  338. 
Ctpbobina  Jones,  1881 ;  Geol.  Mag.,  decade  2,  vol.  8,  p.  338. 
OCTOifARiA  Jones,  1887;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  19,  p.  404. 

CYPRID^. 

AOLAIA  Brady,  1867 ;  Challenger  Exped.,  Kept,  on  Ostraooda,  p.  33. 
Candona  Baird,  1850 ;  History  Brit.  Entomostraca,  p.  159. 
ARGiLLiECiA  Sars,  1865 ;  Ofversigt  af  Norges  Marine  Ostracoder. 
BiAGBOOTPSis  Brady,  1867 ;  Intellectual  Observ.,  vol.  12,  p.  119. 
Bathooypsis  Brady,  1880;  Challenger  Exped.,  Rept.  on  Ostracoda,  p.  45. 
Bairdia  McCoy,  1844 ;  Synopsis  Carboniferoas  Foss.  Ireland,  p.  164. 

DARWINULID^. 

Dabwinula  (Brady  and  Robertson)  Jones,  1885;  Qoart.  Jonr.  Qeol.  Soo.,  vol.  41,  p. 
346.  Name  changed  from  preoocnpied  term  Darwinella  (Ann.  Mag.  Nat.  Hist., 
4th  series,  vol.  9, 1872,  p.  50). 

CYTHERID^. 

Cttrsrb  Mflller,  1785 ;  Entomostraca,  etc.,  p.  64. 

Xbstolkbbris  Sars,  1865 ;  Ofversigt  af  Norges  Marine  Ostracoder,  p.  68. 

Bythoctthxbb  Sars,  1865 ;  Ofversigt  af  Norges  Marine  Ostracoder. 

Cakbonia  Jones,  1870;  Geol.  Mag.,  vol.  7,  p.  218. 

TOUNGIA  Jones  and  Kirkby,  1886;  Quart.  Joar.  Geol.  Soc.  London,  vol.  42,  p.  507. 

Thupbuba  Jones  and  HoU,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  yoL  3, 

p.  213. 
Bubbulblla  Jones,  1887 ;  Notes  on  some  Sil.  Ostracoda  from  Gothland,  p.  7. 
ABI8TOZOE  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  vol.  1,  sappl.,  p.  474. 
Obozob  Barrande,  1872;  Syst.  Sil.  Bohdme,  vol.  l,suppl.,  p.  537. 
Caluzob  Barrande,  1872;  Syst.  Sil.  Bohdme,  vol.  1,  sappl.,  p.  503. 
ZONOZOB  Barrande,  1872;  Syst.  Sil.  Bohdme,  vol.  1,  sappl.,  p.  554. 
HiPPA  Barrande,  1872 ;  Syst.  Sil.  Boh^me,  vol.  1,  sappL,  p.  516. 
BOLBOZOB  Barrande,  1872;  Syst.  Sil.  BohSme,  vol.  1,  sappl.,  p.  500. 
Elpb  Barrande,  1872;  Syst.  Sil.  Bobdme,  vol.  1,  sappl.,  p.  510. 
NOTHOZOB  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  vol.  1,  sappl.,  p.  536. 
CaBTON  Barrande,  1872;  Syst  Sil.  Bohdme,  vol.  l,suppl.,p.  505. 
Obtptozob  Packard,  1888;  Proo.  Acad.  Nat.  Sci.  Phlla.,  1888,  p.  381. 
Otthbbopsis  (McCoy)  Barrande,  1872;  Syst.  Sil.  Boh^me,  vol.  1,  snppL,  p.  5061 

CmRIPED-^. 

Plumulitbs  Barrande,  1872;  Syst.  Sil.  Bohdme,  vol.  1,  snppL,  p.  565. 
Stbobilbpis  Clarke,  1888;  Palseont.  New  York,  vol.  7,  p.  212. 
PALiBOCRBUSiA  Clarke,  1888 ;  PalsBout.  New  York,  vol.  7,  p.  210. 
Protobaianus  Whitfield,  1888;  Pals&ont.  New  York,  voL  7,  p.  Ixii;  BolL  Am. 

Nat.  Hist.,  vol.  2,  1889,  p.  66. 
TUBBILBPAS  Woodward,  1865 ;  Qoart.  Jonr.  Geol.  Soc.  London,  voL  ^1,  p.  489. 

DEOAPODA. 

Amthrapalsmon  Salter,  1861 ;  Qaart.  Jonr.  Geol.  Soc.  London,  vol.  17,  p.  689. 
Palsopalamon  Whitfield,  1880;  Am.  Jour.  Sci.,  3d  series,  voL  19,  p.  40. 
Cranoopsis  Salter,  1863 ;  Qoart.  Joor.  Geol.  Soc.  London,  vol.  19,  p.  80. 
Psbudo-Galathba  Peach,  1882 ;  Trans.  Royal  Soc.  Edinb.,  vol.  30,  p.  573. 
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SCHIZOPODA. 

Gampsontx  Meyer,  X847 ;  Verliandl.  Nat.  Vereins  Preuas.,  vol.  4,  p.  86. 
Pal^OCaris  Meek  and  Wortheo,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  418. 
Nkctotblson  Brocohi,  1880;  Ball.  Soc.  G^l.  France,  3d  series,  vol.  8,  p.  10. 

AMPHIPODA. 
DiPUMTTLUS  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  76. 

STEOMAPODA. 
Amphipeltis  Salter,  1863;  Quart.  Jour.  Qeol.  Soc.  London,  vol.  19,  p.  75. 
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(Current  generic  names  in  bold  ftoe;  synonyms  in  ItaUe.] 

Aoanthotalson  Meek  and  Worthen,  1865;  Proo.  Aoad.  Nat.  Soi.  PhUa.,  voL  17,  p.  46; 
Geol.  Saryey  Illinois,  vol.  2, 1866,  p.  299. 
Type,  A.  sHtMoni, 

eveni  Meek  and  Worthen,  1868 ;  Am.  Joar.  Soi.,  2d  series,  vol.  46,  p.  28. 

Coal  Measures. 

even!  Meek  and  Worthen,  1868 ;  Geol.  Soryey  Illinois,  vol.  3,  p.  551,  figs.  a-d. 

even!  White,  1884 ;  13th  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  177,  pi.  38,  figs. 

4-7. 

eveni  Packard,  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  125. 

inequalis,    (See  Palaeocarls  typua.) 

?  magiBter  Packard,  1886;  Mem.  Nat.  Acad.  Soi.,  toI.  3,  p.  127,  pi.  1,  fig.  2;  pi. 

2,  figs.  4,  5.  Carboniferons. 

stimpsoni  Meek  and  Worthen,  1865 ;  Proc.  Acad.  Nat.  Sci.  Phila..  vol.  17,  p.  47. 

Coal  Measures. 

stimpsoni  Meek  and  Worthen,  1866;  Geol.  Survey  Illinois,  vol.  2,  p.  401,  pi.  32, 

figs.  6,  6  ar-f. 

stimpsoni  Meek  and  Worthen,  1868 ;  Geol.  Survey  Illinois,  vol.  3,  p.  549,  figs,  a,  b. 

stimpsoni  Woodward,  1^1 ;  Geol.  Mag.,  decade  2,  vol.  8,  p.  533,  pi.  14,  fig.  4. 

stimpsoni  White,  1&84 ;  13th  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  176,  pi.  37, 

figs.  4,  5. 

stimpsoni  Packard,  1886;  Mem.  Nat.  Acad.  Soi.,  vol.  3,  p.  124. 

Packard  considers  this  species  to  be  the  young  of  Aoanthotelson  eveni, 
JBclmiina  Jones  and  Holl,  1887 ;  Annals  Mag.  Nat.  Hist.,  5th  series,  vol.  3,  p.  217. 

bymesi  (Miller)  Jones,  1890;  Quart.  Jour.  G^l.  Soc.,  voL  46,  p.  12,  pi.  3,  figs. 

9-11.  Cincinnati. 

For  other  references,  see  Leperditia  hymesi  Miller. 

spinosa  (Hall)  Jones,  1890 ;  Quart.  Jour.  Geol.  Soc.,  vol.  46,  p.  11,  pi.  3,  figs. 

4-8.  Niagara. 

For  othet  references,  see  Cytkerina  epimoaa  HalL 
Ampbipeltis  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  75. 

paradoxus  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  76,  figs.  11 

a,  b.  Devonian. 

paradoxus  Dawson,  1868 ;  Acadian  Geology,  p.  523,  fig.  180. 

*—  paradoxus  Salter  and  Woodward ;  Chart  of  Fossil  Crustacea,  pi.  3,  fig.  3. 
Antkracon^tes  Meek  and  Worthen,  1868;  Am.  Jour.  Sci.,  2d  series,  voL  46,  p.  21. 

wuuonmsis  Meek  and  Worthen.    (See  Burypterus  mazonensis.) 

Anthrapalaemon  Salter,  1861 ;  Quart.  Jour.  Geol.  Soc.  London,  voL  17,  p.  529. 
Type,  A,  groesarti  Salter. 

gracilis  Meek  and  Worthen,  1865 ;  Proo.  Acad.  Nat.  Sci.  Phila.,  vol.  17,  p.  50. 

Coal  Measures. 

gracilis  Meek  and  Worthen,  1866;  Geol.  Survey  Illinois,  vol.  2,  p.  407,  pi.  32, 

figs.  4  a,  b,  0. 
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Anthrmpatomon  graolllft  H«ek  and  Worthen,  1868;  Geol.  Sunrey  Ulinoity  vol.  3,  p. 
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lPa1iBoearabuB'\  hiDianos  Dawson,  1878;  GeoL  Mag.,  toI.  4,  p.  56,  fig.  1. 
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figs.  16-18. 
Syn.,  Beyrickia  tumifrans  Hall.   ' 
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fig.  4. 

granulosa  Hall,  1883 ;  11th  Annual  Bept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  331, 
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grannlata  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  377,  pi.  79  b,  figs.  1  a-d. 
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macooyana  Jones,  1855;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  16,  p. 
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nova  sootica  Jones  and  Kirkby,  1884 ;  Geol.  Mag.,  5th  series,  vol.  1,  p.  337,  pi. 

12,  figs.  5,  6.  Carboniferous. 
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Lower  Helderberg. 
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Referred  to  Beyrichia  iuherculata  Boll  var.  pustulosa  Hall. 
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quadrilirata  Miller,  1875;  Cincinnati  Quart.  Jour.  Sci.,*  vol.  2,  p.  351.    (See 
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regularis  Emmons,  1855 ;  American  Geology,  pt.  2,  p.  219,  fig.  74  b.        Hudson. 

regularis  Miller,  1875;  Cincinnati  Quart.  Jour.  Sci.,  vol.  2,  p.  351. 
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Jour.  Geol.  Soc,  vol.  46,  p.  13). 

remifbnnis  Jones,  1868;  Geol.  Survey  Canada,  decade  3,  p.  91,  pi.  11,  fig.  1. 

Chazy. 

richardsoni  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  347,  &g.  40. 

Hudson. 
rugulifera  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.  London,  3d  series,  vol.  1,  p.  242, 

pl.  9,  fig,  4.  Niagara. 

sigillata  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  vol.  1,  p.  242,  pl.  9.  ^g.  5. 

Niagara. 

simplex  (Jones)  Emmons,  1855 ;  American  G^logy,  vol.  1,  pt.  2,  p.  218,  fig.  74  a. 

[Cytherina'i  spinosa  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  317,  pl.  67,  figs.  17-20. 

( See  2lohmina  spinosa. )  Niagara. 
striatQ-marginatus  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  233,  fig. 

26. 
This  species  is  referred  to  a  new  genus.    (See  Burychilinda  striatomar^ 

ginatus.)  Hudson. 
symmetrica  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  317,  pl.  67,  fig.  16.    (See  Bollia 

S3nnmetrioa.)  Niagara. 

trisulcaU  Hall,  1859;  Pal.  New  York,  voL  3,  p.  381,  pl.  79,  figs.  5  a,  b. 

Lower  Helderberg. 

trlsuloata  Jones,  1890;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  14,  pl.  1,  fig,  2. 

tumifrons  Hall,  1871 ;  Des.  New  Species  Foss.  Hudson  River  Group,  p.  7. 

Hudson. 
tumifrons  Hall,  1872;  24th  Rept.  New  York  State  Mus.  Nat.  Hiat.,  p.  231,  pL  8, 

fig.  11. 

tumifrons  Hall  and  Whitfield,  1875 ;  Pal.  Ohio,  vol.  2,  p.  102,  pl.  4,  fig.  8. 

tumifrons  Miller,  1874;  Cincinnati  Quart.  Jour.  Sci.,  vol.  1,  p.  119. 

This  species  is  classed  by  Jones  1890,  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  19, 

as  synonymous  to  BeyricMa  ciliata  Emmons.  w  h  C    OOOlP 
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Beyriotiia  ventista  Billings,  1866;  Catalogae  Siloriau  Fossils  Anticosti,  p.  68. 
Bollia  Jones  and  Holl,  1886;  Annals  Mag.  Nat.  Hist.,  5th  series,  London,  yol.  17,  p. 
360. 

lAgnostus'i  latns  Vannxem,  1842;  Geol.  New  Tork,3d  Geol.  Dist.,p.  80. 

Clinton. 

[B«sfrio*ia]  lata  Hall,  1852;  PaL  New  York,  vol.  2;  p.  301,  pi.  A  66,  figs.  10  a^s. 

IBej/riohia]  lata  Jones,  1858;  Notes  on  Palffiozic  Entomostraoa,  No.  2,  p.  168,  pi. 

6,  fig.  13. 

lata  Jones,  18U0;  Qnart.  Jour.  Geol.  Soc.,  vol.  40,  p.  12,  pi.  3,  figs.  1-3. 

iBejfrU^ia]  ajnumetrloa  Hall,  1852;  Pal.  New  York,  vol.  2,  p.  317,  pi.  6^fig.  16. 

Niagara. 

symmetiloa  Jones,  1890;  Qnart.  Jonr.  Geol.  8oo.,  vol.  46,  p.  12. 

This  species  is  closely  allied  to  Bollia  lata, 

angola  (Claypole  MS.)  Jones,  1889;  American  Geologist,  vol.  4,  p.  338,  pi. 

fig.  10-13.  Marcellus. 

BythocyprlB  Brady,  1880 ;  Challenger  Ezped.,  Rep.  Ostraooda,  p.  45. 

oylindiica  (Hall)  Ulrich,  1889;  Contributions  Micro-PalsBont.,  pt.  2,  p.  48,  pi. 

9,  fig.  6.  Trenton  and  Hudson. 

For  other  references,  see  LeperdiHa  llsookilina'}  cylindrica  HalL 

fovnlosa  Jones,  1889 ;  American  G^logist,  vol.  4,  p.  338,  pi.  figs.  2  tk-e. 

Marcellus. 

oviformis  Jones,  1889 ;  American  G^logist,  vol.  4,  p.  340,  pi.  figs.  3  a-c. 

Lower  Helderberg. 
Carbonia  Jones  and  Kirkby,  1879;  Annals  Mag.  Nat.  Hist.,  London,  5th  series, 
vol.  4,  p.  28. 

?  bairdioides  (?)  Jones  and  Kirkby,  1884 ;  €^1.  Mag.,  5th  series,  vol.  1,  p.  358, 

pi.  12,  figs.  8  a-d.  Carboniferous. 

Syn.,  Bairdia  sp.  t  Dawson,  1868 ;  Acadian  (Oology,  p.  206,  figs.  48  a  ( f ). 
— »  IC^ere  t  (Carbonia)']  bairdiodes  Jones  and  Kirby,  1879 ;  Annals  Mag.  Nat.  Hist., 
London,  5th  series,  vol.  4,  p.  38,  pi.  3,  figs.  24,  25. 

?  bairdioidea?  Jones  and  Kirkby,  1684;  Geol.  Mag.,  decade  3,  p.  358,  pi.  12, 

figs.  8  a-d. 

?  elongata  Jones  and  Kirkby,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  6th  series, 

ToL  1,  p.  361,  pi.  12,  fig.  10.  Carboniferous. 

?  elongata  Jones  and  Kirkby,  1884 ;  Geol.  Mag.,  decade  3,  p.  361,  pi.  12,  Ag.  10. 

fiibulinf  Jones  and  Kirkby,  1879 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series, 

vol.  4,  p.  31,  pi.  2,  figs.  1-9. 

fabollna  var.  humilis  Jones  and  Kirkby,  1879 ;  Annals  Mag.  Nat.  Hist.,  London, 

5th  series,  vol.  4,  p.  31,  pi.  2,  figs.  11-14. 

fobollna  Jones,  1889 ;  C^l.  Mag.,  decade  3,  vol.  6,  p.  270,  figs.  1-4. 

ICytherilla'i  inflata  Dawson,  1868 ;  Acadian  ecology,  p.  206,  fig.  48  b. 

fobullna  Jones  and  Kirkby,  1884 ;  Geol.  Mag.,  decade  3,  vol.  1,  p.  358,  pi.  12,  figs. 

9a-e. 
Ceratiooarls  McCoy,  1849;  Annals  Mag.  Nat.  Hist.,  London,  vol.  4,  p.  412. 

acnleatns  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  422* ,  pi.  80  a,  fig.  10.    Waterlime. 

acaminatas  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  422^,  pi.  84,  fig.  6.    Waterlime. 

aouminatns  Pohlman,  1886 ;  Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  5,  p.  28,  pi.  3,  fig.  2. 

armatua  Hall.    (See  Bohinooaris  punctata. ) 

baeoheri  Clarke,  1881 ;  Boll.  U.  S.  Geol.  Survey,  No.  16,  p.  44,  pi.  2,  fig.  1. 

Devonian. 
— -  beeoheri  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  104,  pi.  31,  fig.  3. 
• —  [Colpooaria]  bradleyl  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  332. 

Lower  Carboniferous. 
—  [OnMiw]  deweyi  Hall,  1852;  Pal.  New  York,  vol.2,  p.  320,  pi.  71,  figs.  1  a-d. 

Niagara. 
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CamttoauU  [CoIjnhmW«]  etytroidM  Meek,  1871 ;  Proc.  Acad.  Nat.  Soi.  PfaUa.,  toL 
23y  p.  334.  Lower  Carbonifaioiis. 

grandis  Pohlman,  1881 ;  Bull.  BalB»lo  Soo.  Nat.  SoL,  vol.  4,  p.  19,  fig.  6. 

Watarbme. 

longioaudiiB  HaU^1863;  16th  Rept.  New  York  State  Cab.  Nat.  Hlflt.,  p.  70,  pi.  1, 

fig.  7  (Mi  fign.  4,  5,  6).  Haailtim. 

longioaudtu  Packard,  1883 ;  I2th  Annaal  Rept.  U.  S.  Oeol.  Sarvey  Tenritoria8» 

p.  450. 

lo^oandiM  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  decade  3,  vok.  1,  p.  1. 

«-^  longtcaadna  Etheridge,  Woodward,  and  Jones ;  3d  Rept.  Coniu.  Fosa.  PhyUo- 
poda,  p.  35. 

lonsloaudna  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  163,  pi.  31,  fig.  1. 

Not  C.  longioaudus  Clarke,  1885;  Bnll.  U.  8.  Geol.  Sarvey,  No.  16,  p.  20. 

nuieooTaBa  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  421,  pi.  84,  figs.  1-5. 

Waterlime. 

f  punctahu  Hall.    (See  Bohinooaria  pvnctata.) 

atniplex  Clarke,  1885 ;  Ball.  U.  8.  GeoL  Sarvey,  No.  16,  p.  43,  pi.  2,  fig.  2. 

.  Devonian. 

?  almplez  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  165,  pi.  31,  fig.  2. 

-^—  ?  aiiraata  Meek  and  Worthen,  1868 ;  Am.  Jonr.  Set.,  2d  eeriest  voL  46,  p.  22. 

Coal  Meaanres. 

?  afnoata  Meek  and  Worthen,  1868;  Geol.  Sorvey  lUinois,  voL  3,  p.  540,  fi^  a, 

IBohnoearis]  atrigata,  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phlla.,  vol.  23,  p.  335. 

Lower  CarboniferofWL 

i8olenocaris'\  atrlgata  Meek,  1875 ;  Pal.  Ohio,  vol.  2,  p.  321,  pi.  18,  figs.  4  ar-c. 

The  generic  name  of  S&lenocaris  was  nsed  by  Mr.  J.  Yoang  for  a  genua  q€ 
the  Paleozoic  Crnstacea  in  1868.    See  Strlgocarla. 
Ciangopaia  Salter,  1863 ;  Nkme  changed  from  Pal<BOorangon, 
CryptOBoe  Packard,  1886 ;  Proc.  Am.  Philos.  Soc.,  vol.  23,  p.  381. 

problematioaa  Packard,  1886 ;  Proc.  Am.  Philos.  Soo.,  voL  23,  p.  382,  fig.  3,  plate. 

CarbonifefTooa. 
Cyolna  De  Koninck,  1841 ;  M^m.  Acad.  Sci.  Bruxelles,  vol.  14,  p.  18. 

amerioana  Packard,  1885 ;  American  Naturalist,  vol.  19,  p.  293.      Coal  Meaaiirea« 

amerioana  Packard,  1886 ;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  143,  pL  5,  figs.  1.  1  a  ; 

pi.  6,  figs.  4,  4  a. 
Cythera  Mftller,  1785;  Entomostraca,  p.  64. 

— -  [Beyrickia']  amerioana  Shnmard,  1858 ;  Trans.  Acad.  Sci.  St.  Lonis,  vol.  1,  p.  297.. 

Upper  Coal  Measuea.. 

oordoaarla  Hall.    (See  Leperditia  oarbonaiia. ) 

oindnnatienHs  Meek.    (See  Bntomia  clnoinnatienaia.) 

oraaalmarginata  Winchell,  1862 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  429.      Marahall.^ 

-— *  irregolaria  Miller,  1878 ;  Jonr.  Cincinnati  Soc.  Nat.  Hist,  voL  1,  p.  106,  pL  3^ 
figs.  7,  7  a.  Hudson. 

nebraaeenaia  Geinite,  1866 ;  Carb.  and  Dyas  in  Nebraska,  p.  2,  pi.  1,  fig.  2. 

Coal  Measnrea. 
-— ^  nebraaoenaia  Meek,  1872 ;  Rept.  U.  S.  Geol.  Survey  Territories,  Final  Beport 
Nebraska,  p.  237,  pi.  11,  figs.  1,2,3  a,  b  (t). 

nelsraaoenaia  Eeyes,  1888;  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  222. 

ohlonea  Herrick,  1889;  Bull.  Den.  Univ.,  vol.  4,  p.  60,  pL  8,  fig.  8;  vol.  3,  pi.  3, 

fig.  19.  Kinderhook. 

ohionea  Herrick,  1890 ;  American  Geologist,  vol.  4,  p.  254. 

^^ —  okmi.    (See  Leperditia  okeni.) 

r-r-  aimplez  White  and  St.  John,  1867 ;  Prelim.  Notice  New  Species  Fobs.,  p.  3. 

St.  Looia. 
rrrr  aiiliplex  W|^ite  and  St.  John^  1868^  Trans.  Chicago  Acad.  9ci.^  vol.  1,  p.  yffy 
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C3rtii6re  sp.f  DftWBon,  1868;  Acadian  (Geology,  p.  256,  fig.  78  a.  CarboDltoottSr 

8uhl4BvU,    (See  Leperditia  sublaBvis.) 

Bubrecta.    (See  Leperditia  subreota.) 

Cytheiina  Lamarck,  1818;  Animaaz  sans  Verc,  toI.  5,  p.  125. 

aUa.    (See  Leperditia  alta.) 

cremilata  EmrnonH,  1855 ;  Am.  G^logy,  vol.  1,  p.  221,  figs.  75  a-d.  TrentoiL 

cylindrica.    (See  Isochilina  oylindrioa.) 

emmonai  Vogdes,  1889 ;  Annals  N.  T.  Acad.  Sci.,  toI.  5,  p.  13,  to  replace  C.  tub*- 

cylindrica, 

spinosa,    (See  Besrriohia  spinoaa.) 

subeifUndrica  Emmons,  1855;  Am.  Geology,  voL  1,  p.  220,  fig.  75  b.  TrentoB. 

This  name  was  nsed  by  Mtinster  for  a  species  of  this  genns.    Change  to  C 

anbelliptioa  Emmons,   1855 ;   Am.   G^logy,  toI.  1,  p.  220,  figs.  75  a. 

l^nton. 
Cytherellina  Jones  and  Holl,  1869 ;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  vol. 

3,  p.  215. 
Snmdella  Whitfield,  1882;  Bull.  Am.  Mns.  Nat.  Hist.  New  York,  yol.  1,  p.  94, ' 

pi.  9,  figs.  26, 29.  Warsaw. 

Cytberopaia  McCoy,  1855 ;  Synopsis  Classification  Brit.  Pal.  Bocks,  pi.  1  L.,  fig.  2. 

No  definite  deecriptign  of  the  genns  given. 
— *-  eoncinna  Jones.    (See  Primitia  oonoinna. ) 

rugoea  Jones.    (See  Primitia  mgoaa.) 

fliliqne  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  3d  series,  London,  voL  1,  p*  949, 

pL  10,  fig.  6.  lYentOD* 

ailiqne  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  99. 

aiUqae  Jones,  1869;  Annals  Mag.  Nat.  Hist.,  London,  4th  series,  veL  3,  p«21€^ 

pi.  14,  figs.  1-6. 
Dtpehla  Packard,  1885;  Am.  Naturalist,  vol.  19,  p.  293. 

diplodisooa  Packard,  1885 ;  Am.  Naturalist,  vol.  19,  p.  293.         CarbooiferouB. 

diplodiacna  Packard,  1886;  Mem.  Nat.  Acad.  Set.,  vol.  3,  p.  145,  pi.  5,  figs.  2, 2  a. 

Diploatylua  Salter,  1863 ;  Quart.  Jour.  GeoL  Soo.  London,  vol.  19,  p.  76. 

dawaoni  Salter,  1863 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  19,  p.  77,  fig.  6. 

Coid  Measures. 
Dipterooarla  Clarke,  1883;  Am.  Jour.  Sol.,  3d  series,  vol.  25,  p.  121. 

pennsD^aDdali  Clarke,  1883 ;  Am.  Jour.  Sei.,  3d  series,  vol.  25,  p.  122,  fig.  1. 

Chemung. 

pennas-dssdali  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  deoade  3,  vol.  1,  p.  349. 

pennss-dsBdali  Etheridge,  Woodward,  and  Jones,  1884 ;  2d  Bept.  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  11. 
pennas-dasdali  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Bept.  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  3. 

pennas-dasdaU  Hall,  18H8 ;  Pal.  New  York,  vol.  7,  p.  200,  pi.  35,  fig,  24. 

pennse-dsedali  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  9. 

percervse  Clarke,  1883 ;  Am.  Jour.  Sci.,  3d  series,  vol.  25,  p.  123,  figs.  4,5. 

Chemung. 

peroenrse  Jones  and  Woodward,  1884 ;  GtooL  Mag.,  decade  3,  vol.  1,  p.  349. 

peroenrae  Etheridge,  Woodward,  and  Jones,  1884 ;  2d  Bept.  Comm.  Foss.  Phyllo- 

lopoda  Pal.  Roclcs,  p.  11. 
percervas  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  3. 

percervas  Hall,  1888 ;  Pal.  New  York.  vol.  7,  p.  202,  pi.  35,  figs.  20, 21 . 

peroervas  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foss.  Phyllo* 

poda  Pal.  Bocks,  p,  9, 
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Dipterooaria  prome  CUrke,  1883 ;  Am.  Joar.  8ci.,  3d  series,  vol.  25,  p.  129,  figs.  2,  3. 

Chemnng. 

prcnia  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  decade  3,  toI.  1,  p.  349. 

prosne  EUieridge,  Woodward,  and  Jones,  1884 ;  2d  Bept.  Comm.  Foss.  Phyllo- 

poda  PaL  Books,  p.  11. 
prosne  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Bept.  Comm.  Foss.  Phyllo- 

poda  Pal.  Rocks,  p.  3. 

prone  HaU.  1888;  PaL  New  York,  vol.  7,  p.  201,  pi.  35,  figs.  25-27. 

— -  prcMie  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Bept.  Comm.  Foss.  Phyllo- 

poda  PaL  Books,  p.  9. 
XMthjrrooarla  (Bconler,  1843,  MS.)  Portlock,  1843;  Bept.  Geol.  Londonderry,  etc,  p. 

313. 

belli  Woodward,  1870 ;  GeoL  Hag.,  decade  2,  yoL  8,  p.  106,  pL  3,  fignx^s. 

Devonian. 
belli  Etheridge,  Woodward,  and  Jones,  1887 ;  5th  Bept.  Comm.  Foss.  Phyllo- 

poda  Pal.  Bocks,  p.  6. 

beUi  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  194. 

' oarbonaria  Meek  and  Worthen,  1870 ;  Proc.  Acad.  Nat.  ScL  Phila.,  vol.  22,  p.  55. 

Coal  Measores. 
oarbonaria  Meek  and  Worthen,  1873 ;  GeoL  Survey  Illinois,  voL  5,  p.  6i8,  pL 

32,  fig.  1. 
— "  oazbonaxia  White,  1884 ;  13th  Bept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  178,  pL 

39,  fig.  2. 

n^ptumi  Hall.    (See  Mesothyra  neptnnL) 

Doliekooepkala  Claypole,  1883 ;  Proc.  Am.  Philos.  Soc.,  voL  21,  p.  236. 

locoana  idem;  p.  236, plate.    (See  Stylonams  eiBoelaior.) 

DoUohoptema  (subgenus  Bnryptenxa)  Hall,  1859 ;  PaL  New  York,  vol.  3,  p.  414.* 

maorocheoua  Hall,  1859 ;  Pal.  New  York,  voL  3,  p.  414,*  pi.  83,  fig.  1 ;  pL  83  a,  ^g,  1. 

Waterlime. 
Bohinooaria  Whitfield,  1880 ;  Am.  Joor.  ScL,  3d  series,  vol.  19,  p.  34. 

oondylepsia  HaU,  1888 ;  PaL  New  York,  vol.  7,  p.  173,  pL  19,  figs.  14>17. 

Chemung. 
mnltinodoaa  Whitfield,  1880 ;  Am.  Jour.  ScL ,  3d  series,  voL  19,  p.  38,  fig.  8.  (Plates 

with  author's  special  edition  only. )  Erie  Shales. 

mnltinodoaa  Packard,  1882 ;  Am.  Naturalist,  vol.  16,  p.  952,  fig.  10. 

mnltinodoaa  Packard,  1883 ;  12th  Bept.  U.  S.  G^L  Survey  Territories,  p.  451, 

fig.  71  a. 

mnltinodoaa  Beecher,  1884 ;  2d  GeoL  Survey  Penn.,  vol.  PPP,  p.  5. 

.—  mnltinodoaa  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Bept.  Comm.  Foss. 

Phyllopoda  Pal.  Bocks,  p.  35. 

mnltinodoaa  Hall,  1888;  PaL  New  York,  voL  7,  p.  180,  pi.  29,  figs.  18-19. 

mnltinodoaa  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Bept.  Comm.  Foss. 

Phyllopoda  Pal.  Bocks,  p.  8. 
[CeraUooQTXB^  pnnotatna  HaU,  1863 ;  16th  Bept.  New  York  State  Cab.  Nat  Hist 

p.  74,  pi.  1,  fig.  8.  Hamilton. 

pnnotatna  Whitfield,  1880;  Am.  Jour.  ScL,  3d  series,  voL  19,  p.  39. 

Syn.,  Ceraiiooaris  ormatiM  Hall,  1863;   16th  Bept.  New  York  State  Cab.  Nat 
Hist.,  p.  72,  pi.  1,  figs.  1-3. 
Ceraiiocaris  amuitu8  Hall,  1876;  Illus.  Devonian  Foss.,  pi.  23,  figs.  4,5. 
ICeraUocaris  (ArUlozoe)^  pnnctatna  Hall,  1876 ;  Hlus.  Devonian  Foss.,  ExpL 

pi.  23,  fig.  7. 

pnnctatna  Packard,  1882;  Am.  Naturalist,  vol.  16,  p.  952,  fig.  12. 

pnnotatna  Packard,  1883;  12th  Bept.  U.  S.  GeoL  Survey  Territories,  p.  450, 

&g.  70. 
Syn.,  armatus  Packard,  1883 ;  12th  Bept.  U.  8.  GeoL  Survey  Territo^Q4^p.  451. 

Digitized  by  CjOOQ  IC 


V0GDK8.J  CATALOGUE    OP   NON-TRILOBITES.  165 

EchinocariB  punotatus  Beecher,  1884 ;  2d  Geol.  Survey  Penn.,vol.  PPP,p.  6,pl.  I, 
AgR,  13-16 ;  also  fig.  1  in  text,  page  4. 
Syn.,  armaUu  Jones  and  Woodward,  1884;  Geol.  Mag., decade  3,  vol.  1,  p.  2,  pi. 
13,  fig.  2. 
armaius  Etheridge,  Woodward,  and  Jones,  1885;   3d  Rept.  Comin.  Foes. 
Phyllopoda  Pal.  Rocks,  p.  35. 

puBCtatua  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  166,  pi.  27,  fig.  10 ;  pi.  28,  fig.  1-7 ; 

pi.  29,  fig.  1-8. 

punctatna  Etheridge,  Woodward,  and  Jones,  1888;    6th  Rept.  Comm.  Foes. 

Phyllopoda  Pal.  Rocks,  p.  8. 
puatolosa  Whitfield,  1880 ;  Am.  Jour.  Soi.,  3d  series,  vol.  19,  p.  38,  pi.  fig.  7 

(plate  with  author's  special  edition  only).  Erie  Shales. 

puatalosa  Packard,  1883 ;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  451. 

puBttdosa  Beecher,  1884 ;  2d  Geol.  Survey  Penn.,  vol.  PPP.,  p.  5. 

puatalosa  Jones  and  Woodward,  1884 ;  Geol.  Mag.,  decade  3,  vol.  1,  p.  2,  pi.  13, 

fig.  6. 

pastaloaa  Etheridge,  Woodward,  and  Jones,  1885;    3d  Rept.  Comm.    Foss- 

Phyllopoda  Pal.  Rocks,  p.  35. 

poattiloaa  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  178,  pi.  29,  figs.  9, 10. 

pustnlosa  Etheridge,  Woodward,  and  Jones,  1888;   6th  Rept.  Conmi.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  8. 

booialia  Beecher,  1884 ;  2d  Geol.  Sorvey  Penn.,  vol.  PPP,  p.  10,  pi.  1,  figs.  1- 

le.  Chemang. 

Booialis  Etheridge,  Woodward,  and  Jones,  1865 ;  3d  Rept.  Comm.  Foss.  Phyllo. 

poda  Pal.  Rocks,  p.  35. 

BOOialis  Hall,  1888 ;  Pal.  New  York,  voL  7,  p.  174,  pi.  30,  figs.  1-12. 

soolalia  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foss.  Phyllo- 
poda PaL  Rocks,  p.  8. 

soblevis  Whitfield,  1880 ;  Am.  Jour.  Sci.,  3d  series,  vol.  19,  p.  36,  pi.  figs.  4-6 

(plate  with  the  author's  special  edition  only).  Erie  Shales. 

sublevlB  Packard,  ld82;  Am.  Naturalist,  voL  16,  p.  952,  fig.  11. 

sablSBvis  Packard,  1883;  12th  Rept.  U.  S.  QeoL  Survey  Territories,  p.  450,  fig. 

71b. 

sablevia  Beecher,  1884;  2d  Geol.  Survey  Penn.,  vol.  PPP,  p.  5. 

aablasvis  Jones  and  Woodward,  1884 ;  Geol.  Mag.,decade3,  vol.  1.  p.  2,  pL  13,  figs. 

3,  4,  5. 

subUevla  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  35. 

sablasvia  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  176,  pi.  29,  figs.  11-13. 

sablsBvls  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 
lopoda Pal.  Rooks,  p.  8. 

whitfieldi  Clarke,  1885 ;  Bull.  U.  S.  Geol.  Survey,  No.  16,  p.  45,  pi.  2,  figs.  3, 4. 

Portage. 

whitfieldi  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  172,  pi.  29,  figs.  20,  21. 

whitfieldi  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 
lopoda Pal.  Rocks,  p.  8. 

Bchinognathua  Walcott,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  213. 

olerelandi  Walcott,  1882 ;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  213,  figs.  1,  2. 

Utioa. 

[Ewrypierua  f  ]  olevelandi  Walcott,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  151. 

Blymooaxis  Beecher,  1884;  2d  Geol.  Survey  Penn.,  vol.  PPP,  p.  13. 

aiUqiia  Beecher,  1884 ;  2d  Geol.  Survey  Penn.,  vol.  PPP,  p.  13,  pi.  2,  figs.  1,  2. 

Chemang. 

sUiqiia  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  35. 
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Bljmooaxii  ■Uiqua  Hall,  1888 ;  PaL  New  Yotk,  yol.  7,  p.  182,  pi.  31,  figs.  5, 6. 

oillqaa  Etberidge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foet.  Phyllo- 

poda  Pal.  Rooks,  p.  8. 

Bntomia  Jonee,  1861 ;  Mem.  Geol.  Savvey  Scotland,  Expl.  Map  33,  p.  137 ;  alao.  An- 
nals Mag.  Nat.  Hist.,  London,  4th  series,  vol.  11,  p.  413. 

ICjfikere'i oinoiniuitiensiB  Meek,  1871 ;  Proo.  Acad.  Nat.  ScL  Phila.,  toL  23, p.  331. 

Hudson. 

lCjfther$'\  olndnnatiimata  Meek,  1873;  Pal.  Ohio,  vol.  1,  p.  158,  pi.  14,  figs.  1  a- 

Id. 

[CytAere]  cinoinnatieiiais  Miller,  1874;  Cincinnati  Quart.  Jour.  Sol.,  vol.  1,  p. 

120. 

oinoinnatiensia  Jones,  1884;  Annals.  Mag.  Nat.  Hist.,  London,  5th  series,  vol. 

14,  note  p.  385. 

rhomboidea  Jones,  1890 ;  Quart.  Jour.  GeoL  Soc,  yoL  46,  p.  10,  pL  2,  figs.  9. 10  a,  b. 

HamUton. 

B^mi$eH4e$  wrighHana,  This  species  is  referred  by  Woodward  and  Jones  (3d  Report 
Comm.  Foss.  Phyllopoda  Brit.  Assoc.,  1885,  p.  300)  to  Eekimooar%$,  FioL  James 
Hall  places  it  proyisionally  with  StyUmuruSf  which  see. 

Bstheria  Rnffell,  1857;  Mus.  Senckenberg,  vol.  2,  p.  119. 

dawaonl  Jones,  1870;  Qeol.  Mag.,  vol.  7,  p.  220,  pi.  9,  fig.  15.       Carfooniferons. 

dawaonl  Jones,  1878 ;  Geol.  Mag.,  decade  2,  vol.  2,  p.  101,  pi.  3,  fig.  2. 

sp.  r  Dawson,  1868;  Acadian  Geology,  p.  256,  fig.  78  d. 

-—  dawaonl  Jones  and  Kirkby ,  1884 ;  Geol.  Mag.,  decade.  3,  vol.  1,  p.  361,  pL  12,  fig.  12. 

-*—  pnla^  Clarke,  1882;  Am.  Jour.  Soi.,  3d  series,  vol.  23,  p.  476,  pL,  ^.  4. 

Hamilton. 

pulex  Packard,  1883 ;  I2th  Rept.  U.  S.  Geol.  Surrey  Territories,  p.  355. 

pnlez  Etheridge,  Woodward,  and  Jones,  1885 ;  5th  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  10. 

pvlesK  HaU,  1888;  PaL  New  York,  vol.  7,  p.  206,  pi.  35,  figs.  10, 11. 

polaac  Etberidge,  Woodward,  and  Jonee,  1888;  6th  Rept  Comm.  Foes.  PhyUo- 

poda  Pal.  Rocks,  p.  9. 

JBnproopi  Meek,  1867 ;  Am.  Jour.  Sci.,  2d  series,  vol.  34,  p.  394.  (See  BallinimiB  and 
Preatwiohla.) 

Burychllinda  Ulrich,  1889 ;  Contributions  Micro-Palsont.,  pt.  2,  p.  52. 

—  Bumtiobaiiaia  Ulrich,  1889 ;  Contributions  Micro-Palseont.,  pt.  2,  p.  53^  pL  9, 

figs.  10, 10  a.  Hudson. 

ratlonlata  Ulrich,  1889;  Contributions  Micro-Pabeont.,  pt.  2,  p.  52,  pL  9,  figs. 

9,  9  a.  Trenton. 

atriato-marginata  (Miller)  Ulrich,  1889;  Contributions  Mioro-Paheont.,  pt.  2, 

p.  52. 
For  other  references,  see  Beyriohia  atriato-marginata. 

Burjptema  De  Kay,  1825;  Annak  Lyceum  Nat.  Hist.  N.  Y.,  vol.  1,  pt.  2,  p.  375. 

baecheri  Hall,  1884 ;  2d  Geol.  Survey  Pennsylvania,  vol.  PPP,  p.  30,  pi.  3,  fig.  1. 

Chemung. 

beaoheri  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  156,  pi.  27,  fig.  5. 

beaoheri  Etheridge,  Woodward,  and  Jones,  1888;  6th  Rept.  Comm.  Foanl  Phyllo- 
poda Pal.  Roeks,  p.  9. 

boylei  Whiteaves,  1884 ;  Pal.  Fossilfl,  vol.  3,  pt.  1,  p.  42,  pi.  7,  fig.  3.  Quelpb. 

dekayi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  411*.  pL  82,  fig.  1.  Waterlime. 

—  eiienaia  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol. 2,  p.  196. 

Lower  Helderberg. 
gigaataua  Pohlman,  1882 ;  Ball.  Buffalo  Soc.  Nat.  Sci.,  vol.  4,  p.  41,  pi.  2,  fig.  1. 

Waterlime. 
' laouatria  EUrlan^  1834 ;  Trans.  Geol.  Soc*  Pennsylvania,  voL  1,  p.  98,  pi.  5,  fig. 2. 

Waterlime. 
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Bnrypterus  laonstris  Harlan,  1835 ;  Med.  Phys.  Besearcheo,  p.  ^^  plate,  fig.  2. 
lacostris  Hall,  1859;  PaL  New  York,  vol.  3,  p.  407»,  pi.  81,  figs.  1-^11 ;  pLSl  a, 

fig.  1 ;  pi.  81  b,  figs.  1-5 ;  pi.  83  b,  fig.  3 ;  also  fig.  5  in  text  p.  408*. 

laonstxia  var.  robostas  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  410*,  pi.  81  c,  fig.  3. 

lIMiokopi4ru$]  maniifialdi  Hall,  0.  £.,  1877;  Proo.  Am.  Philos.  8oc.,  vol.  16, 

p.  621.  Carboniferoas. 
maoofieldl  Hall,  1884 ;  3d  Geol.  Survey  Pennsylvania,  vol.  PPP,  p.  33,  pi.  4, 

figs.  1-8;  pi.  5,  figs,  l-ll ;  pi.  6,  fig.  1 ;  pi.  7,  fig.  1 ;  pi.  8,  figs.  1-3. 

iAnihraoomeotea'i  maBonensis  Meek  and  Worchen,  1868;  Am.  Jour.  Sci.,  3d 

series,  vol.  46,  p.  31.  Coal  Measores. 
iAfUhraeonwtes'\  mazonenais  Meek  and  Wortben,  1868;  G«oL  Siut v«y  HUd^ 

vol.  3,  p.  544,  figures. 
[^Antkraooneotea']  mazonenais  Hall,  1884 ;  3d  Oeol.  Survey  Penntylyam%  voL 

PPP,  p.  35,  fig.  2;  p.  37,  fig.  3. 
iAnthraoanecies'i  mazonenaia  Wbite,  1884 ;  13tb  Ann.  Bept  Dept.  QeoL  Nat. 

Hist.  Indiana,  p.  168,  pi.  37,  figs.  1,  3,  3. 

microphthalmna  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  407*,  pL  80  a,  fig.  7. 

Lower  Helderbeig. 

paohycheinia  Hall,  1859 ;  Pal.  New  York,  voL  3,  p.  413*,  pi.  8,  figs.  1-^. 

Waterlime. 

pennaylTaniooa  Hall,  C.  E.,  1877 ;  Trans.  Am.  Philos.  Soc.  Phila.,  vol.  7,  p.  631. 

CarboDiferoos. 
pennsylvanioaa  Hall,  1884 ;  3d  Gtool.  Survey  Pennsylvania,  vol.  PPP,  p.  31, 

pi.  5,  fig.  18. 
_  poblmani  Vogdes,  1889 ;  to  take  the  place  of  the  preoooapied  name  of  E.  9cor- 

pi6nu  Giote  and  Pitt.    Ann.  N.  Y.  Acad.  Sci.,  vol.  5,  No.  1. 

potena  Hall,  1884 ;  3d  Qeol.  Survey  Pennsylvania,  vol.  PPP,  pi.  4,  figa  0, 10. 

Carbonitooos. 

prominena  Hall,  1884 ;  Proo.  Am.  Assoc.  Adv.  Sci.,  voL'33,  p.  430.         Clinton. 

-^^^  prominena  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  157,  pi.  37,  figs.  3,  4. 

inilioaria  Salter,  1863 ;  Quart.  Jour.  Qeol.  Soc.  London,  voL  19,  p.  78,  figs.  9, 10. 

Coal  Measures. 
pnlloaris  Dawson,  1868 ;  Acadian  Geology,  p.  533,  figs.  179  a,  b. 

pnstuloaoa  Hall,'  1859 ;  Pal.  New  York,  vol.  3,  p.  413*,  pi.  83  b^  fig.  1. 

Waterlime. 

ramipea  De  Kay.  Waterlime. 

Syn.,  FoMil  FUk  Mttchell,  1818;  Am.  Monthly  Mag.,  vol.  3,  p.  391. 

—  ramipea  De  Kay,  1825;  Annals  Lyceum  Nat.  Hist.,  vol.  1,  p.  375,  pL  8$. 

remipes  Harlan,  1834 ;  Trans.  Geol.  Soc.  Penn.,  vol.  1,  p.  96,  pi.  5. 

ramipea  Harlan,  1835 ;  Medical  Phys.  Researches,  p.  397,  pi.,  fig.  1. 

remipea  Milne-Edwards,  1840 ;  Hist.  Nat.  Crust.,  vol.  3,  p.  433. 

remipea  Burmeister,  1643 ;  Org.  Trilobiten,  p.  62  (Hay  Soc.  ed.,  p.  64). 

ramipea  Bronn,  1837 ;  Lethea  Geognostioa,  vol.  1,  p.  666,  pi.  9>,  fig.  1 ;  pL  9,  fig.  1. 

remipea  Salter,  1859 ;  Quart.  Jour.  Geol.  Soc.  London,  vol.  15,  p.  355. 

ramipea  Nieszkowski,  1858;  Der  EuryptenM  r«ni^««,  etc.,  pis.  1,  3,  3. 

remipea  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  404,  pi.  80,  figs.  1-13 ;  pi.  80  a, 

figs.  1-^;  pL  83  b,  fig.  2,  also  p.  403*,  figs.  6,  7. 

remipea  (numerous  authors). 

[Eumtcub]  grandia  Grote  and  Pitt,  1875 ;  Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  3,  p.  17. 

Waterlime. 
Beferred  by  J.  Pohlman  (Bull.  Buffalo  Soc.  Nat.  Sci.,  vol.  5,  p.  31)  to 

Eurypterus  $oarpiortia.    An  almo8t  similar  term,  E,  seorpioideB  was  used  for  a 

species  of  this  genus  by  H.  Woodward  in  1868 ;  I  suggeat  that  of  E.  pohlmani 

for  this  species. 
—  lEusareus'i  scorpionia  Grote  and  Pitt,  1875;  BulL  Buffalo  Soc.  Nat.  Sci.,  vol.  3, 

pp.  1, 17,  photographic  plate.  /Waterlime. 
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Bniyptenis  [Eusarcus'\  sooipionis  (Grote  and  Pitt)  Poblman,  1886;  BoU.  Buffalo 
800.  Nat.  Sci.,  vol.  5,  p.  30,  pi.  2,  %.  3. 

lEuaarcus']  grandia  (Grote  and  Pitt)  PohlmaD,  1866;  Ball.  Ba£EiEao  Soc.  Nat.  Sci., 

vol.  5,  p.  31. 

Referred  to  Euryptenu  poMmani  Yogdes,  1889;  Annals  N.  T.  Acad.  Sci.,  voL  5, 
p.  22. 
Hymenooarls  Salter,  1853 ;  22d  Rept.  Brit.  Assoc.  Adv.  Sci.,  Trans,  of  sec.,  p.  56. 
Isoohilina  Jones,  1857 ;  Mem.  Geol.  Snrvey  Canada,  decade  3,  p.  97. 

ILeperdiUa  (iBoehilina)']  armata  Walcott,  1883;  Des.  New  Sp.  Foes.  Trenton 

Gronp,  p.  7. 

ILeperditia  (/tfocJUItiia)]  aimata  Waloott,  1884 ;  35th  Rept.  N.  T.  State  Mas.  Nat. 

Hist,  p.  213. 

orlatata  (Whitfield)  Jones,  1890;  Qoart.  Joar.  Geol.  Soc.,  voL  46,  p.  23,  pi.  1, 

fig.  8.  Calciferoua. 

For  other  references,  see  Prlmitia  oristata. 

ICyiheHna]  oylindrioa  Hall«  1852 ;  Pal.  New  York,  vol.  2,  p.  14,  pL  4,  figs.  8  &,  b. 

Medina. 
Prof.  T.  Rapert  Jones  (Qnart.  Joor.  G^L  Soc.,  vol.  46^  1890,  p.  8)  refers  this 
species  to  LeperdiUa  cylindrica. 

ILeperditia  (IsockiUna)]  oylindrioa  Jones,  1858;  AnnaLi  Mag.  Nat.  Hist.,  3d 

series,  vol.  1,  p.  253 ;  also,  G^l.  Survey  Canada,  decade  3,  p.  101. 
— -  [Leperditia  {iBochilina)^  cylindrica  Hall,  1871 ;  Description  n.  sp.  Fossils  Hud- 
son River  Groap. 

IL^erditia  (Isoehilina)]  cylindrica  Hall,  1872;  24th  Rept.  N.  T.  State  Mas.  Nat. 

Hist.,  p.  231,  pi.  8,  fig.  2;  also.  Pal.  Ohio,  vol.  2, 1875,  p.  101,  pi.  4,  fig.  5. 

Prof.  T.  Rapert  Jones  (Qaart.  Jour.  Geol.  Soc.,  vol.  46, 1890,  p.  8)  refois  this 
species  to  Primitia  minuta  Eichwald. 

cylindrica  Miller,  1875 ;  Cincinnati  Qnart.  Joar.  Sci.,  vol.  2,  p.  351. 

febacea  Jones,  1890 ;  Qnart.  Joar.  Geol.  Soc.,  voL  46,  p.  22,  pi.  2,  fig.  11. 

Hamilton. 

ILeperdiHa  (Isoohilina)^  gracilis  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London^ 

3d  series,  voL  1,  p.  248,  pi.  10,  fig.  2;  also,  Geol.  Survey  Canada,  decade  3,  p.  96, 
pL  2,  fig.  15.  .  Trenton. 

gregaria  (Whitfield)  Jones,  1890 ;  Quart.  Jour.  G^L  Soc.,  vol.  46,  p.  22,  pL  1,  figia. 

9. 10. 
For  other  references,  see  Primitia  gregaria. 

jonesi  Wetherby,  1881 ;  Joar.  Cincinnati  Soc.  Nat.  Hisi,  vol.  4,  p.  80,  pi.  2,  figs. 

7,  7  a.  SobcarboniferooB. 

UneaU  Jones,  1890 ;  Quart.  Joar.  Geol.  Soc.,  voL  46,  p.  21,  pi.  2,  figs.  5  a,  b,  8  a,  b. 

Hamilton. 

ILeporditia  (l8ochiUna)'i  minntiasima  Hall,  1871 ;  Des.  New  Species  Foss.  Had- 

son  River  Group,  p.  7. 

ILeperditia  (Uoohilina)']  minntiasima  Hall,  1872;  24th  Rept.  New  Tork  State 

Mas.  Nat.  Hist.,  p.  231,  pi.  8,  fig.  13. 

ILeperditia  {Isoohilina)'}  minutiaaima  Hall  and  Whitfield,  1675 ;  Pal.  Ohio,  vol. 

2,  p.  102,  pi.  4,  fig.  5.    (See  Aparchltes  minutiaaima.) 

ILeperditia  (Isochilina)]  Ottawa  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London, 

3d  series,  vol.  1,  p.  248,  pi.  11,  fig.  1.  Chazy. 

ILeperditia  {Isoohilina)']  Ottawa  Jones,  1858;  Geol.  Survey  Canada,  decade  3,  p. 

97,pl.9,  fig.  14. 

. Ottawa  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p.  34S. 

seelyl  (Whitfield)  Jones,  1890 ;  Qaait.  Jour.  Geol.  Soc.,  vol.  46,  p.  22,  pi.  1,  tg.  7. 

For  other  references,  see  Primitia  aeelyi. 
Klcsdenia  Jones  and  Holl,  1886;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vd.  17, 
p.  362. 
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KlcBdenU  [BeyHckia'i  notata  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  379,  pi.  79b,  figs. 

3  a,  b,  c.  Lower  Helderberg. 

iBefriehid]  notata  var.  ventrlcoaa  Hall,  1859 ;  idem,  p.  380,  pi.  79  b,  figs.  4  a,  b,  c. 

notata  Jones,  1890 ;  Qaart.  Jour.  Geol.  Soc,  vol.  46,  p.  13,  pi.  4,  figs.  22, 23. 

notata  var.  ventrlcoaa  Jones,  1890 ;  Qaart.  Jour.  Geol.  Soo.,  vol.  46,  p.  14,  pi.  1, 

fig8.1a,b;  pL  4,  fig.  24. 

pennaylvanica  Jones,  1889;  American  Geologist,  vol.  4,  p.  341,  pi.,  figs.  5-9. 

Lower  Helderberg. 

simplex  Jones,  1889 ;  Amerioan  Geologist,  vol.  4,  p.  338,  pi.,  fig.  14. 

Upper  Devonian. 
Iteaia  Jones,  1862 ;  Mon.  Fossil  Estheriss,  p.  115. 

[Cyprioardia]  leidyl  Lea,  1855;  Proo.  Acad.  Nat.  Sci.  Phila.,  vol.  7,  p.  341,  pi.  4. 

Coal  Measures. 

leidyi  Jones,  1862;  Mon.  Fossil  EstherisB,  p.  116,  pi.  5,  figs.  11, 12. 

leidjri  Dawson,  1868 ;  Acadian  Geology,  p.  256,  fig.  78  o. 

leidyi  Packard,  1882 ;  12th  Kept.  U.  S.  Geol.  Survey  Territories,  p.  358,  fig.  24. 

leidyi  Jones,  1870;  Geol.  Mag.,  vol.  7,  p.  219,  pi.  9,  fig.  11 ;  also,  GeoL  Mag., 

decade  3,  vol.  I,  p.  361,  pi.  12,  fig.  13. 
tricarinata  Meek  and  Worthen,  1868;  Geol.  Snrvey  Illinois,  vol.  3,  p.  541,  figs. 

Bi,  Bs,  Bs.  Coal  Measures. 
tilcarinata  White,  1884 ;  13th  Ann.  Rept.  Dept.  GeoL  Nat.  Hist.  Indiana,  p.  167, 

pi.  39,  figs.  10-13. 
laeperditia  Rouanlt,  1851 ;  Bull.  Soc.  G^ol.  France,  2d  series,  vol.  8,  p.  377. 
[  Cgtherina']  alta  Conrad,  1842 ;  Geol.  Rept.  New  York,  3d  Geol.  Dist.  ( Vanuxem), 

p.  lis.  Lower  Helderberg. 

iCyikm-tna']  alta  ?  Hall,  1852 ;  Pal.  New  York,  vol.  2,  p.  338,  pi.  78,  figs.  2  a-d. 

Referred  to  Leperditia  joneai  Hall,  idem,  vol.  3,  p.  372. 
alta  Jooes,  1856 ;  Annals  and  Mag.  Nat.  Hist.,  London,  2d  series,  vol.  17,  p.  88,  pi. 

7,  figs.  6, 7. 
alta  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  250,  pi.  10, 

figs.  10,  11. 

alta  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  373,  pi.  79  a,  figs.  6  a-e. 

alta  Meek,  1873 ;  Pal.  Ohio,  vol.  1,  p.  187,  pi.  17,  figs.  2  a,  b. 

alta  Jones,  1881 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  8,  p.  346. 

alta  Whitfield,  1882;  Geol.  Wisconsin,  voL  4,  p.  323,  pi.  25,  figs.  8»9. 

alta  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p.  343. 

alta  Jones,  189U ;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  25,  pi.  1,  figs.  6  a,  b. 

— ^  amygdalina  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

341.  Trenton. 

amygdalina  Jones,  1658 ;  Geol.  Survey  Canada,  decade  3,  p.  97,  pL  11,  figs.  18, 19. 

amygdalina  Jones,  1881 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  8,  p. 

344,  pi.  19,  fig.  9. 
amygdalina  Jones,  1884;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  14,  p. 

342. 

angnlifera  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol.  2,  p.  199. 

Lower  Helderberg. 
anna  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p.  347,  pL 

9,  fig.  8.  Calciferons. 

anna  Jones,  1858;  Geol.  Survey  Canada,  decade  3,  p.  96,  pi.  11,  fig.  13. 

—  antiooatiana  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  14,  p. 

241.  Hudson. 

Syn.,  oanadenHs  var.  anlicoaiiana  Jones,  1858 ;  Annals  Mag.  Nat.  Hist.,  London, 

3d  series,  voL  1,  p.  341.  Hudson. 

43anaden8i8  var.  anticoatiana  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p. 

95,.pL  11,  fig.  17. 
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Xi«perditia  antdoostiana  BiUings,  1866;  Catalogoe  Sil.  Foae.,  Antiooati,  p.  68. 

Syu,f  fabulHts  (Conrad)  var.  antioosHana  Jonea,  1881;  Annals  Mag.  Nat.  Hiat., 
London,  &th  aeries,  vol.  8,  p.  344,  pi.  19,  fig.  8. 
aivtioa  Jones,  1856 ;  Annals  Mag.  Nat.  Hist.,  London,  2d  aeriea,  voL  17,  p.  87, 

figa.  1-6.  Upper  QUoriao. 

Syn.,  balihica  var.  arctica  (Jones)  Salter,  1852;  Appendix  8a th«rIaod'a  Jour.  Voy- 
age Baffin's  Bay,  vol.  2,  p.  ccxxi,  pi.  5,  fig.  13. 
tulthioa  var.  arctioa  (Jones)  Salter,  1853 ;  Qaart.  Jonr.  Oeol.  8oc.  London, 
vol.  9,  p.  314. 

argttita  Walcott,  1886 ;  Ball.  U.  S.  Geol.  Sorvey,  No.  30,  p.  146,.  pL  8,  fig.  5. 

Middle  Cambrian. 
billingsi  Jones,  1856;  Annals  Mag.  Nat.  Hist.,  London,  2d  aeries,  vol.  8,  p.  345, 

pL  15,  fig.  9.  Trenton. 
bivertez  Ulricb,  1879 ;  Jour.  Cincinnati  Soo.  Nat.  Hiat.,  voL  2,  p.  11,  pi.  7,  figa. 

5, 5  a.  Hudson. 
bivla  White,  1874;  Kept.  Invert.  Fosa.  U.  8.  Geog.  and  Geol.  Survey  W.  100th 

Mer.,  p.  11.  Quebec 
Wyla  White,  1877;  U.  S.  Geog.  and  Geol.  Survey  W.  100th  Mer.,  Pal»ont.,  vol. 

4,  p.  58,  pi.  3,  fig8.7a-d. 
hymesi  Miller,  1874 ;  Cincinnati  Quart.  Jour.  Sbi.,  vol.  1,  p.  123,  fig.  10.     (See 

2Ioh]nina  beymeai )  Hndaon . 
oaadgena  Miller,  1881;  Jour.  Cincinnati  Soc.  Nat.  Hiat.,  vol.  1,  p.  863,  pL  6, 

figs.  5,  5  a.  Hudson. 

— —  oanadenaia  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

244,  pi.  9,  figs.  11-15.  Chazy  and  Trenton. 
canadensia  Jones,  ia%8 ;  Gteol.  Survey  Canada,  decade  3,  p.  92 ;  var.  iMUUiy  pi.  11, 

figs.  6,7,9,10,  and  lahrosa,  pi.  11,  fig.  8. 
oanadenaia  Jones,  1881 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  aeriea,  vol.  14,  p. 

340. 
Compare  Leperditia  turgidHf  L.  ooncinnula,  and  X.  ventralia. 

oanadeuM  var.  pauquettiana  Jones.    (See  Leperditia  lonokana.) 

iCyihere'i  carbonaria  Hall,  1858;  Trans.  Albany  Inst.,  vol.  4,  p.  33.        Waraaw. 

oarbonaria  Whitfield,  1882;  Bull.  Am.  Mns.  Nat.  Hist.,  New  York,  vol.  1,  p.  94, 

pi.  9,  figs.  24-27. 

oapnx  Safford ;  Geol.  Tennessee.     (Not  defined.) 

oayuga  Hall,  1861 ;  Des.  New  Species  Foss.,  p.  83.  Comiferooa. 

ca3mga  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  111. 

ola3rpolei  Jones,  1890;  Quart.  Jour.  Geol.  Soc,  vol.  46,  p.  25,  pi.  3,  figs.  17  »-c. 

Cincinnati. 

oonoinnnla  Billings,  1865 ;  Pal.  Fossils,  vol.  1,  p.  299.  Quebec. 

crepiformia  Ulrich,  1879;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  2,  p.  10,  pi.  7, 

figs.  3,3  a.  Hndaon. 

[Cy«*€rt«a]'cyllndrlca  Hall,  1852;  Pal.  N.  Y.,  vol.  2,  p.  14,  pi.  4,  figa.  8  a,  b. 

For  other  references,  see  laoohilina  oylindrloa.  Medina. 
dermatoidea  Walcott,  1887;  Am.  Jour.  Sci.,  3d  series,  vol.  34,  p.  192,  pi.  1,  figa. 

13, 13  a.  Cambrian. 
faba  Hall,  1876;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  Expl.,  pi.  32,  fiigs. 

1-3.  Niagara. 
faba  Hall,  1879;  28th  Rept.  New  York  State  Mus.  Nat.  Hist.,  p.  186,  pL  32, 

figs.  1-3  (2d  ed.). 
foba  Hall,  188i;  11th  Ann.  Rept.  Dept.  C^l.  Nat.  Hist.  Indiana,  p.  331,  pi.  34, 

figs.  1-3. 

ICytheHna'i  fabolitea  Conrad,  1843 ;  Proc.  Acad.  Nat.  Sci.  Fhila.,  vol.  1,  p.  332. 

Trenton. 
febolitea  Jones,  1856 ;  Annals  Mag.  Nat.  Hist.,  London,  2d  seri^  vol.  17,  p.  80. 
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I>eperditia  fiibnlites  Jones,  1868 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  voL  1, 
p.  341. 

fiibulltea  Jones,  1881;  Annals  Ma^.  Nat.  Hist.,  London,  4th  series,  yol.8,  p.  342. 

fiibnlitea  Whitfield,  1883;  Geol.  Wisconsin,  vol.  1,  p.  60,  fig.  5. 

-^~  fobtilites  Jones,  1884 ;  Anndia  Mag.  Nat.  Hist.,  London^  5Ui  series,  vol.  14,  p.  342. 

fontioola,  1867 ;  20th  Kept.  New  York  State  Cab.  Nat.  Hist.,  p.  335,  pi.  21,  figs. 

1-3.  Niagara. 

fontioola,  1870;  20th  Bept.  New  York  State  Cab.  Nat.  Hist.  (rev.  ed.),  p.  428, 

pL  21,  figs.  1-3. 

gibbera  Jones,  1856;  Annals  Mag.  Nat.  Hist.,  London,  2d  series,  voL  17,  p.  90, 

pi.  7,  figs.  1-3.  Niagara. 

^gfbbera  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  ToL  1,  p.  250, 

pi.  10,  figs.  7-d. 

gibbera  var.  soalarls  Jones,  1858;  Geo!.  Survey  Penn.,  vol.  2,  p.  834,  Ag.  698. 

graoiUs,    (SeelsoohlUnagracilia.) 

Imdaonloa  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  375,  pi.  79  a,  figs.  7  a,  b,  c^ 

Lower  Helderberg. 

Imdaozilca  Jones,  1890 ;  Quart.  Jonr.  Geol.  Soo.,  vol.  46,  p.  24,  pi.  I,fig8.  5  a-c,  11 

a-c;  pi.  3,  fig.  20  (f) 

Joneai  HaU,  1869 ;  Pal.  New  York,  vol.  3,  p.  272,  pi.  79  a,  figs.  5  a-e. 

Lower  Helderberg. 
— —  ioiioai  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  series,  vol.  1,  p.  343. 

Syn.,  alia  Hall,  1852 ;  PfiL  New  York,  voL  2,  p.  338,  pi.  78,  figs.  2  anl. 
— joB0plilaiia  Jones,  1884 ;  Annals  Mag.  Nat.  Hist.,  London,  5th  s^es,  vol.  1,  p.  341. 

Trenton. 
Syn.,  oanad&nH$  ybx.  joe^hiana  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d 
series,  voL  1,  p.  341. 
canadeMia  var.  jos^hiana  Jones,  1858 ;  GeoL  Survey  Canada,  deoado  3,  p.  94, 

pL  11,  fig.  16. 
fabuHiet  YSkT,  joBephiann  JoneBf  1881;  Annals  Mag.  Nat.  Hist.,  London,  5th 
series,  vol.  8,  p.  344,  pL  19,  fig.  7 ;  pi.  20,  figs.  7, 8 ;  also,  p.  345,  pl.^,  fig.  4  (f). 

labro9a,    (See  Leperditia  oanadenais.) 

louoklana  Jones,  1884 ;  Annals  Mag.  Nat.  Hist., London, 5th  series,  vol.  1,  p.  341. 

Trenton. 
Syn.,  oanadenais  t  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  voL  1, 
p.  245»  pi.  9,  figs.  16, 17. 
Afterwards  var.  louohiana  and  Leperditia  canadensis  var.jiOM^tMMiana. 
eanadenaia  var.  lotiokiana  Jones,  1858 ;  Geol.  Survey  Canada,  decade  3,  p.  93, 

pi.  11,  fig.  11. 
fdbuUtee  var.  UmoHana  Jones,  1881;  Annals  Mag.  Nat.  Hist.,  London,  5th 
series,  vol.  8,  p.  343. 

ICffpridina']  marginata  Keyserling,  1846;  Wiss.  Beob.  auf  einer  Reise  in  das 

Petocbora-Land,  p.  288,  pi.  11,  fig.  16. 

margtnata  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  17,  p. 

91,  pL  7,  figs.  11,14,15. 
Syn.,  Cjfridina  hatihioa  Eiohwald  (not  Cytherina  halthioa  Hisinger)  Bull.  Soo.  Nat. 
.  Moscou,  1854,  No.  1,  p.  99,  pi.  2,  fig.  6. 

ileoehilina'i  minutieeima  Hall.    (Soe  Isoohilina  minatiaainia.) 

tnorgani  Safford;  (Jeol.  Tennessee.    (Not  defined.) 

Nana?  Jones,  1890;  Quart.  Jour.  Gbol.  Soo.,  vol.  46,  p.  27,  pi.  4,  fig.  4.    (See, 

also,  Leperditia  oanadenais  var.  nana.) 

okeni  (MUnster)  Dawson,  1868;  Acadian  Geology,  p.  256,  fig.  78  b. 

Lower  Carboniferous. 

cUaiea,    (See  laoohilina  Ottawa.) 

ovata  Jones,  1858;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  ToL  1,  p.  252,  pL 
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Leperditda  ovata  Jonee,  1858;  Geol.  Survey  Peon.,  vol.  2,  p.  834,  fig.  697. 

panquettiana.    (See  Leperditia  oanadenaia  var.  pauquettiana. ) 

paraaiUca  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  376,  pi.  79  a,  figs.  8  a,  b. 

Lower  Helderberg. 
Referred  by  T.  R.  Joues  to  B^jriiohia  parasitica,  which  see. 

parynla  Hall,  1869;  Pal.  New  York,  vol.  3,  p.^376,  pi.  79  a,  figs.  9  a,  b. 

Lower  Helderberg. 
pennsylvanica  Jodos,  1858 ;  Annals  Mag.  Nat.  Hist.,  London,  3d  series,  vol.  1,  p. 

251,  pi.  10,  figs.  12, 13.  Clinton. 

pennsylvanica  Jones,  1868 ;  Geol.  Snrvey  Penn.,  vol.  2,  p.  834,  fig.  699. 

ptinctulifera  Hall,  1860 ;  13th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  92.    (See 

Prlmitiopsia  punotulifera.)  Hamilton. 
radiata  Ulrich,  1879 ;  Jonr.  Cincinnati  Soc.  Nat.  Hist.,  voL  2,  p.  9,  pL  7,  figs. 

2  a,  b.  Utica. 

rotondata  Walcott,  1884 ;  Pal.  Eureka  Dist.,  Mon.  U.  S.  Geol.  Survey,  voL  8,  p. 

•     206,  pi.  16,  fig.  5.  Devonian. 
aoalaria  (Leperditia  gibbera  var.  acalaila  Jones,  1858) ;  Annals  Mag.  Nat.  Hist. 

London,  3d  series,  vol.  1,  p.  250,  pL  10,  figs.  7-9.  Waterlime. 

seneoa  Hall,  1861;  Des.  New  Species  Fossils,  p.  84.  Hamilton. 

seneoa  Hall,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist,,  p.  112. 

seneoa  Jones,  1890;  Quart.  Jour.  G^l.  Soo.,  vol.  46,  p.  23,  pi.  1,  figs.  13, 14. 

sinuata  Hall,  1860 ;  Canadian  Naturalist,  vol.  5,  p.  158.  Upper  Silurian. 

sinnata  Dawson,  1868;  Acadian  Oeology,  p.  609,  fig.  217. 

sinnata  Jones,  1690;  Quart.  Jour.  Oeol.  Soc.,  vol.  46,  p.  24,  pL  1,  figs.  12  a-c. 

spinnlifera  Hall,  1861 ;  Des.  New  Species  Fossils,  p.  83.  Comiferous. 

spinnlifera  HaU,  1862;  15th  Rept.  New  York  State  Cab.  Nat.  Hist.,  p.  111. 

[Cyikere']  sablaBvis  Shumard,  1855;  1st  and  2d  Ann.  Rept.  G^l.  Survey  Mis> 

souri,  p.  195,  pi.  B,  fig.  15.  Lower  Magneeian. 

subqnadrata  Jones,  1889;  American  C^logist,  vol.  4,  p.  340,  pi.,  figs.  4  a-d. 

Lower  Helderberg. 

troifensiB  Ford.    (See  Aiistosoe  troyensis.) 

nnioomis  Ulrich,  1879 ;  Jour.  Cincinnati  Soo.  Nat.  Hifet.,  voL  2,  p.  10,  pL  7,  figs. 

4,  4  a,  b.  Hudson. 

Referred  by  Prof.  T.  R.  Jones  to  PrimiHa  %nioomi$, 

▼entrails  Billings,  1865 ;  Pal.  Fossils,  vol.  1,  p.  300.  Quebec. 

Lepidooolens  Faber,  1886 ;  Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol.  9,  p.  15. 

jamesi  (Hall  and  Whitfield)  Faber,  1886;  idem,  vol.  9,  p.  15,  pi.  1,  figs.  a-f. 

Hndaon. 
For  other  references,  see  Pnmnlites  jamesL 
Lisgooarls  Clarke,  1882 ;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  478. 

lutheri  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol.  23,  p.  478,  pi.  1,  fig.  5. 

Hamilton. 
Mesothyra  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  187. 
[Dithyrooaris'i  neptnni  HaU,  1876 ;  Illus.  Devonian  Fos.,  pi.  23  (not  pL  22,  figs. 

1-6) ;  pi.  23,  figs.  1-3.  Hamilton. 
IDithyrocaris]  neptuni  Packard,  1878 ;  12th  Rept.  U.  S.  G^l.  Survey  Territories, 

p.  452,  fig.  73. 
IDithyrooarW]  neptuni  Etheridge,  Woodward,  and  Jones,  1887;  5th  Rept.  Comm. 

Foss.  Phyllopoda  Pal.  Rocks,  p.  8. 

neptuni  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  191,  pi.  32,  fig.  7 ;  pi.  33,  fig.  I. 

neptuni  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 
lopoda Pal.  Rocks,  p.  8. 
Syn.,  oceani  HaU,  1888 ;  Pal.  New  York,  voL  7,  p.  187,  pi.  32,  figs.  1-6;  pL  33,  fig. 
4-7;  pi.  34,  figs.  1-5.  Portage. 
IDiiliyrooaria'i  neptuni  HaU,  1876;  lUus.  Devonian  Fobs.,  pL  22,  figs.  1-5;  pL 

33,  figs.  1-3. 
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Meflothyra  IDithyrocariB']  neptunl  Etheridge,  Woodward, and  Jones,  1887 ;  5tli  Kept. 
Comm.  F088.  Phyllopoda  Pal.  Rooks,  p.  8. 
Syn.,  Me»oth^a  ooeani  Etheridge,  Woodward,  and  Jones,  1888;  6tli  Kept.  Comm. 
F068.  Phyllopoda  Pal.  Rocks,  p.  8. 

stnmea  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  193,  pi.  32,  figs.  8,  9 ;  pi.  34,  fig.  2. 

Hamilton. 
■tnmea  Etheridge,'  Woodward  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  8. 

lIHihjfrocaris  f  ]  veneris  Hall,  1888 ;  Pal.  New  York,  toL  ?,  p.  193,  pi.  33,  fig.  3. 

Hamilton. 

IDithyrooaris  t]  veneris Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept  Comm. 

Foss.  Phyllopoda  Pal.  Rooks,  p.  8. 
NeoUmulus  Woodward,  1868;  G^l.  Hag.,  vol.  5,  p.  1. 

Type,  Neolimulua  falcatus  Woodward. 
Nothozoe  Barrande,  1872 ;  Syst.  Sil.  Bohdme,  vol.  1,  snppl.,  p.  536. 
Type,  Nothozoe  pollens  Barrande. 

vermontana  Whitfield,  1884 ;  Ball.  Am.  Mas.  Nat.  Hist.,  vol.  1,  p.  144,  pi.  14, 

figs.  14, 15.  Potsdam. 

PalSBOoaxls  Meek  and  Worthen,  1865;  Proc.  Acad.  Nat.  Soi.  Phila.,  vol.  17,  p.  48. 

typns  Meek  and  Worthen,  1865;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  17,  p.  49. 

Syn.,  AoanthoteUon  inaqualis  Meek  and  Worthen,  1865;    Proc.  Acad.  Nat.  Sci. 
Phila.,  vol.  17,  p.  48.  Coal  Measnres. 

AoanthoteUon  inisquaUs  Meek  and  Worthen,  1866 ;  Qeol.  Illinois,  vol.  2,  p.  403,  pi. 
32,  fig.  7,  7  a. 

typos,  Meek  and  Worthen,  1866;  Geol.  Illinois,  yoL  2,  p.  405,  pi.  32,  figs.  5  a-d. 

typus  Meek  and  Worthen,  186^  Geol.  Illinois,  vol.  3,  p.  552,.^gs.  a,  h. 

typus  Peach,  1880 ;  Trans.  Royal  Soc.  Edinhargh,  vol.  30,  p.  85,  pi.  10,  figs. 

10  g,  10  h. 

typos  Brocchi,  1880 ;  Ball.  Soc.  Q60I  France,  vol.  8,  p.  9,  pi.  1,  figs.  8-10. 

typos  Woodward,  1881 ;  Geol.  Mag.,  decade  2,  vol.  8,  p.  533,  wood-cat. 

typos  White,  1884 ;  13th  Ann.  Rept.  Dept.  Geol.  Nat.  Hist.  Indiana,  p.  179,  pi. 

38,  figs.  1  2,  3. 

typos  Packard,  1885 ;  Am.  Nataralist,  vol.  19,  p.  790. 

typos  Packard^  1886;  Mem.  Nat.  Acad.  Sci.,  vol.  3,  p.  129,  pi.  3,  figs.  1-4 ;  pi. 

7,  figs.  1,  2. 
Palwocrangon  Salter,  1861.    (See  Orangopsis  Salter,  1863.) 
PalaDopalaemon  Whitfield,  1880;  Am.  Joar.  Sci.,  3d  series,  vol.  19,  p.  40. 

newberryl  Whitfield,  1880 ;  Am.  Joar.  Sci.,  2d  series,  vol.  19,  p.  41.  Erie. 

newberryl  Whitfield,  1880  ;  Author's  Edition,  plate,  figs.  1,  2,  3. 

newberryl  Hall,  1888;  PaL  New  York,  vol.  7,  p.  203,' pi.  30,  figs.  20-23. 

Pal8DOcreoaia  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  210. 

devonloa  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  210,  pi.  36,  figs.  24,  26. 

Comiferoas. 
Plomolites  Barrande,  1872 ;  Syst.  Sil.  Boh6me,  sappl.,  vol.  1,  p.  565. 

devonioos  Clarke,  1882;  Am.  Joom.  Sci.,  3d  series,  vol.  24,  p.  55,  figs.  1,  2. 

Hamilton. 

jamesi  Hall  and  Whitfield,  1875;  Pal.  Ohio,  vol.  2,  p.  106,  pL  4,  figs.  1-3. 

Hudson. 

?  janiesi  Miller,  1875 ;  Cincinnati  Qaart.  Joar.  Sci.,  yoI.  2,  p.  ^5,  fig.  19. 

Referred  by  Faber(Joar.  Cincinnati  Soc.  Nat.  Hist.,  vol.  9,  1886,  p.  15)  to  a 
«    new  genns  nnder  the  name  of  Lepidocoleus, 

newberryl  Whitfield,  1881 ;  Annals  New  York  Acad.  Sci.,  vol.  2,  p.  217. 

Huron. 
Prestwichia  Woodward,  1867;  Qaart.  Joar.  Geol.  Soc.  London,  voL  23,  p.  32. 
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PrMtwlobla  dana»  (Me^k  md  Wortben)  Packard,  1886;  Mem.  Nat  Aead.  Sd.,  'wtL 

3,  p.  146,  pi.  5,  figs.  3,  39;  pL  6,  figs.  1  a,  2,  2  a. 
FV>r  other  refereofsm  to  this  speeies,  see  Btiproopa  and  BalliMnnu. 
^— tfriantit  Williams.    (SeeProtolimulueeHensla.) 
ProtoUmulQB  Packard,  1866 ;  Meni.  Nat.  Acad.  Sci.,  rol.  3,  p.  150. 
IPreaiwiokia]  erienaia  Williams,  1885 ;  Am.  Jour.  Soi.,  8d  series,  vol.  30,  p.  45, 

3  figs.  DemaiaB. 
iPrololimuluB'i  erienaU  Packard,  1886;  Mem.  Nat.  Acad.  Soi.,  toL  3>  p.  150, 

figs.  11-13. 

erienaia  HaU,  1888;  Pal.  New  York,  yol.  7,  p.  153,  pi.  96,  figs.  1,  2. 

Primltia  Jones  and  HoU,  1865;  Annals  Mag.  Nat.  Hist.,  3d  series,  London,  toL  16,  p. 

415. 
Primitia  eriitaia  Whitfield,  1889 ;  Ball.  Am.  Mas.  Nat.  Hist.,  New  York,  yoL  2,  p.  60, 

pi.  13,  figs.  1, 2.    (See  laoohilina  criatata.) 
gregaria  Whitfield,  1889;  Ball.  Am.  Mas.  Nat.  Hist.,  New  York,  vol.  2,  p.  68,  pi. 

13,  figs.  ^-5.    (See  laoohilina  gregaria. ) 

lativia  n)rioh,  1889 ;  Gontribntions  Micro-Palsont..  pt.  2,  p.  50,  pi.  9,  figa.  8, 8  a. 

Hadsoa. 
IBejftiohia'i  logani  var.  leperditioides  Jones,  1858 ;  Ani^  and  Blag.  Nait.  Hia^, 

London,  3d  series,  vol.  1,  p.  244,  pi.  9,  fig.  10.  Trenton. 

IBejfriohia']  logani  yar.  l^^erdHoide»  Jones^  1858;  Ctool.  Saryey  Canada,  deeade 

.    3,  p.91.  pi.  11.  figs.  1-6. 
leperditioidea  Jones,  1884 :  Annals  and  Mag.  Nat.  Hist,  6th  series,  London, 

yol.  14,  p.  845. 

mnndnla  Jones,  1889;  American  Geologist,  yd.  4,  p.  337,  pi.,  figs.  1,2, 10, 15. 

Upper  Deyoniaa. 
IBeyrichia  (PHmftux)]  oooidentalia  Walcott,  1884 ;  Pal.  Enreka  Dist.,  Mon.  U.  8. 

Geol.  Snrvey,  yol.  8,  p.  204,  pi.  17,  figs.  4,  4  a.  Deyonian. 
IBeynokiaf}  paraUela  Ulrtob,  1889;  Contribntions  Micro-Palasont.,  pt.  2,  p.  51, 

pi.  9,  figs.  7-7  a.  Hadsen. 

pennaylyanica  Jones,  1889 ;  American  Geologist,  yol.  4,  p.  339,  pi.,  figs.  15  a,  b. 

Marcellos. 

aeminnlnm  Jones,  1890 ;  Qnart.  Jonr.  Geol.  Soe.,  yd.  46,  p.  5,  pi.  2,  fig.  2. 

Hamilton. 
9eelyi  Whitfield,  1889 ;  Ball.  Am.  Mas.  Nat.  Hist.,  N.  Y.,  vol.  2,  p.  60,  pi.  13,  figs. 

15-21.    (See  laoohilina  aeelyi) 
unioomia  (Ulrich)  Jones,  1890 ;  Qnart.  Joar.  Geol.  Soc.,  yoL  46,  p.  7,  pi.  II,  figs. 

8-13. 

For  other  references,  see  Beyriohia  nnloomia  Ulrich .    The  species  is  referred 
by  Ulrich  (Contribntions  Biicro-Paladoat.,  pt.  2,  p.  50)  to  ApardUtm  aatesf  aw, 

pi.  9,  fig.  11. 

whitfleldi  Jones,  1890 ;  Qnart.  Joar.  Geol.  Soc.,  yd.  46,  p.  9,  pL  3,  figs.  24  a,  b. 

Cincinnati. 
Prlmitiopaia  Jones,  1887 ;  Notes  on  some  811.  Ostracoda  firom  Gothland,  p.  5. 
pnnotnlifera  (Hall)  Jones,  1890 ;  Qnart.  Jonr.  Geol.  Soc.,  yd.  46,  p.  9,  pi.  2,  figs. 

7  a,  b,  12  a,  b.  Hamilton. 

For  other  references,  see  Beyrloliia  pnnotalifSsra  HaU. 
Protobalanoa  Whitfield,  1889;  Ball.  Am.  Mas.  Nat.  Hist,  New  York,  yd.  2,  p.  66; 

Hall,  1888;  Pal.  New  York,  vol.  7,  pp.  Ixii  and  209. 

hamiltonensia  (Whitfield)  Hall,  1888 ;  Pal.  New  York,  yd.  7,  p.  209,  pi.  36,  fig.  23. 

hamiltonenais  Whitfield,  1889 ;  Ball.  Am.  Mas.  Nat.  Hist.,  New  York,  yd. 2,  p.  67, 

pi.  13,  fig.  22.  MaMdkia. 

Protooaria  Walcott,  1884 ;  Ball.  U.  8.  Geol.  Saryey,  No.  10,  p.  50. 

marahi  Walcott,  1884;  Ball.  U.  S.  Geol.  Saryey,  No.  10,  p.  50,  pL  10. 

Cambriao* 
ir—  mar^  Wf^oottf  im }  8uU,  U.  9.  Gwl.  Sun^ejr,  No,  30^  j>.  148,  pL  15,  ^.  I, 
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PterygottiB  AgaBsiCy  1844 ;  Hon.  Poisoons  Fosiiiles,  note^  p.  xix. 

acmtioaiida  Pohlman,  1882 ;  Ball.  Buffalo  Soo.  Nat.  Sci.,  vol.  i,  p.  42,  pi.  2, 

fiff.  3.  Waterlime. 
bilobas  (Huxley  and  Salter)  Pohlman,  1886 ;  Bull.  Buffalo  Soo.  Nat.  Sci.,  yoI. 

5,  p.  27.  Waterlime. 

tMrffoloansis  PohlmaD,  1881 ;  Ball.  Buffalo  Soo.  Nat.  Sci.,  vol.  4,  p.  17,  figs.  1,2. 

Waterlime. 
buftdoensis  Pohlman,  1882;  Bull.  Buffalo  Soc.  Nat.  Soi.,  vol.  4,  p.  44,  pi.  3, 

fig.  3. 

buffidoenaiB  Pohlman,  1886;  Bull.  Buffalo  Soc.  Nat  Sol.,  vol.  5,  p.  24,  pL  3,  fig;  1. 

oanadenais  Dawson,  1881 ;  Canadian  Naturalist,  new  series,  vol.  9,  p.  103,  figs. 

1, 2.  *  Niagara. 

oobbi  Hall,  1859;  Pal.,  New  York,  voL  3.  p.  417,  pi.  83  b,  fig.  4;  pi.  84,  fig.  8  (t). 

Waterlime. 

.  oimimiiigBi  Grote  and  Pitt,  1875;  Bull.  Buffalo  Soo.  Nat.  Sol., vol.  3,  p.  16,  figure. 

Wateilime. 
omnmingsi  Grote  and  Pitt,  1878 ;  Proc.  Am.  Assoc.  Ady.  Sci.,  26th  Meeting,  p. 

300,  figure. 
i^obtoaQdatUB  Pohlman,  1882 ;  Bull.  Buffalo  Soo.  Nat.  Sci.,  yol.  4,  p.  48,  pi.  2» 

fig.  2.  Waterlime. 

macrophtlialmiis  Hall,  1859;  Pal.  New  York,  vol.  3,  p.  418,  pi.  80  a,  figs.  8, 8  a. 

Waterlime. 

maorophthalmus  Pohlman,  1882;  Bull.  Buffalo  Soc.  Nat.  Sci.,  yol.  4,  p.  44. 

Oflbomi  Hall,  1859 ;  Pal.  New  York,  vol.  3,  p.  419,  pi.  80  a,  fig.  9.       Waterlime. 

qtiadrioandatiiB  Pohlman,  1882;  Bull.  Buffalo  Soc.  Nat.  Soi.,  yol.  4,  p.  43,  pi.  3, 

fig.  1.  Waterlime. 

Raekwra  Scodder,  1878;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  19,  p.  296. 
Probably  the  same  as  the  genus  Dithyocaris. 

ifenosa  Scadder,  1878;  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  19,  p.  296. 

Coal  Measures. 
IDUhyooarii  f]  venosa  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm. 

Foes.  Phyllopoda,  p.  4. 
Rhinooaris  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  Iviii. 

o<^iimbiiia  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  195,  pl.  31,  figs.  16-31. 

Hamilton. 
oolumbiiia  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss.  Phyl- 
lopoda, etc.,  p.  8. 

aoi^hoptera  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  197,  pl.  31,  figs.  22,  23. 

Hamilton. 
floaphoptara  Etheridge,  Woodward,  and  Jones,  1888 ;  6th  Rept.  Comm.  Foss. 

Phyllopoda  Pal.  Rocks,  p.  8. 
Schiaodiaoiia  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  207. 

oapra  Clarke,  1888;  Pal.  New  York,  vol.  7,  p.  207,  pl.  25,  figs.  1-9.      Hamilton. 

Spathiocaris  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol  23,  p.  477. 

ameraonl  Clarke,  1882 ;  Am.  Jour.  Sci.,  3d  series, *vol.  23,  p.  477,  pl.,  figs.  1-3. 

Hamilton. 

emawmi  Paekard,  1883;  12th  Rept.  U.  S.  Geol.  Survey  Territories,  p.  451. 

MnerBoni  Clarke,  1866 ;  Neues  Jarbuch  fur  Mineral.,  p.  180. 

emersoni  Woodward  and  Jones,  1884 ;  2d  Rept.  Comm.  Foss.  Phyllopoda  Pal. 

Rocks,  p.  7. 

emersoni  Clarke,  1885;  Bull.  U.  S.  Geol.  Survey,  No.  16,  p.  46. 

emeraoni  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept.  Comm.  Foss.  Phyllo- 
poda Pal.  Rocks,  p.  3. 

emeraoni  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  199,  pL  35,  figs.  12-18. 

—  emersoni  Etheridge,  Woodward,  and  Jones,  J888j  6th  Rept,  Coi»W.  Fosb?  Pbyl- 

l0pg4#  fjrt,  Rppke,  p,  8f  Digitized  by  CjOOg  IC 
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Solenocaris  Meek,  1871 ;  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  23,  p.  335. 

The  name  Solenocaria  was  nsed  for  a  species  of  fossil  omstacea  by  Mr.  J.  Yonng 
in  1868.    Change  to  StriyocarU, 

ludovici  Worthen,  1864 ;  BaU.  Illinois  State  Cab.  Nat.  Hist.,  No.  2,  p.  3. 

St.  Loais. 
[CeraiiocarU  (SolrniocarU)']  strigata  Meek,  1872;  Proc.  Acad.  Nat.  Sci.  Phila.,  voL 

23,  p.  335.  .  .  Waverly. 
ICeraiiocarii  (Solmocarii)']  strigata  Meek,  1675;  Pal.  Ohio,  vol.  2,  p.  321,  pL  18, 

figs.  4  a-o. 
Strlgooaris,  name  suggested  to  replace  preoccupied  generic  name  8olenoeari$  (Meek) 

Vogdes,  1889;  Annals  N.  T.  Acad.  ScL,  vol.  5,  p.  34. 
— ^  iSolenooarisI  at.  ladoviol  Worthen,  1884 ;  Boll,  illinois  State  Cab.  Nat.  Hist., 

No.  2,  p.  3.  St.  Louis. 
iCeratiocarU  iSoUnooarU)']  strigata  Meek,  1872;  Proc.  Nat.  Acad.  Sci.  Phila., 

vol.  23,  p.  335.  Waverly. 
[CeratioearU  (SoletiOcarU)'\  atrigata  Meek,  1875;  Pal.  Ohio,  vol.  2,  p.  321,  pL  18, 

figs.  4  a-c.  , 

Strobilepsia  Clarke,  1888 ;  Pal.  New  York,  vol.  7,  p.  212. 

Bpinigera  Clarke,  1868;  Pal.  New  York,  vol.  7,  p.  212,  pi.  36,  figs.  20-22. 

Hamilton. 
Stylonums  Page,  1856 ;  Advance  Text-book  Qeology. 

excelsior  Hall,  MSS.  CatskUl. 

excelsior  Martin,  1882;  Trans.  New  York  Acad.  Sci.,  voL  2,  p.  8. 

excelsior  Hall,  1884 ;  36th  Rept.  New  York  State  Mus.,  p.  77,  pi.  5,  fig.  1. 

excelsior  Hall,  1885 ;  Proc.  Am.  Assoc.  Adv.  Sci.,  33d  Meeting,  p.  421. 

excelsior  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  156,  pL  26;  also  p.  221,  pL  26  a. 

Compare  Dolichocephala  lacoana  Claypole. 

lEquistides}  wrightianus  Dawson,  1881 ;  Quart.  Jour.  Geol.  Soc.,  vol.  37,  p.  303, 

pi.  12,  fig.  10;  pi.  13,  fig.  20.  Portage. 

lEquiatides'}  wrightianus  (Dawson)  Wright ;  35th  Rept.  New  York  State  Mus. 

Nat.  Hist.,  Expl.,  pi.  15,  note,  figs.  1,2. 

lEehinocarW]  wrightianus  Jones  and  Woodward,  1884 ;  Qeol,  Mag.,  decade  3, 

vol.  1,  p.  3,  pi.  13,  figs.  1  a,  b. 

lEchinocaris'\  wrightianus  Etheridge,  Woodward,  and  Jones,  1885 ;  3d  Rept. 

Comm.  Fossil  Pbyllopoda  Pal.  Rocks,  p.  35. 

7  lEchinooarWi  wrightianus  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  160,  pj.  27, 

figs.  7-9. 

Strepula  Jones  and  Holl,  1886 ;  Annals  Mag.  Nat.  Hist.,  5th  series,  London,  vol.  17, 
p.  403. 

lunatifera  Ulrich,  1889;  Contributions  Micro-Palseont.,  pt.  2,  p.  56,  pi.  9,  figs. 

14,14  b.  Hudson. 

quadrilirata  (Hall  and  Whitfield)  Ulrich.  1889;  Contributions  Micro-Palsont., 

pt.  2,  p.  54,  pi.  9,  fig.  12. 
For  other  references,  see  Be3rrichia  quadrilirata. 

sigmoidalis  Jones,  1890;  Quart.  Jour.  GeoL  Soc.,  vol.  46,  p.  11,  pi.  2,  fig.  4. 

Hamilton. 

Tropidocaris  Beecher,  1884 ;  2d  (Jeol.  Survey  Pennsylvania,  vol.  PPP,  p.  15. 

alternata  Beecher,  1884 ;  2d  CJeol.  Survey  Penn.,  vol.  PPP,  p.  19,  pi.  2,  figs.  7,  a 

Chemung. 

alternata  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  Comm.  Foss.  Pbyllo- 
poda Pal.  Rocks,  p.  35. 

alternata  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  186,  pi.  31,  figs.  14, 15. 

bicarinata  Beecher,  1884 ;  2d  (Jeol.  Survey  Penn.,  vol.  PPP,  p.  16,  pi.  2,  figs,  3-5. 

Chemung. 

bicarinata  Etheridge,  Woodward,  and  Jones,  1885;  3d  Rept.  ComuL  Foss.  Pbyl- 
lopoda Pal.  Rocks,  p.  35.  •         .     r^r^^lr> 
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TropidocarlB  bioarinata  HaU,  1888 ;  Pal.  New  York,  yoL  7,  p.  184,  pi.  31,  figs.  7-12. 

intemipta  Beecher,  1884;  3d  Cteol.  Survey  Penn.,  vol.  PPP,  p.  18,  pi.  2,  ^g,  5. 

Chemimg. 
intemipta  Etheridge,  Woodward,  and  Jones,  1885;  3d  Bept.  Comm.  Foss. 

Phyllopoda  Pal.  Bocks,  p.  SB. 

intemipta  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  185,  pi.  31,  figs.  7-12. 

Tnrxilepaa  Woodward,  1865;  Qaart.  Jour.  Oeol.  Soc,  vol.  21,  p.  489. 

oanoellatas  Hall,  1888;  PaL  New  York,  vol.  7,  p.  216,  pL  36,  fig.  2. 

Coroiferous. 
[Plumuktea'i  devonions  Clarke,  1882;  Am.  Jour.  Sci.,  3d  series,  vol*  24,  p.  55, 

figs.  1,2.  HaoiUtoD, 

devonicus  HaU,  1888 ;  Pal.  New  York,  vol.  7.  p.  215,  pi.  36,  fig.  1. 

flexaosae  Hall,  1888;  Pal.  New  York,  vol.  7,  p.  215,  pi.  36,  fig.  1.     Corniferouti, 

foliatos  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p^218,  pi.  36,  fig.  15.  Haiuilton. 

IPlumulitea'i  newberryi  Whitfield,  1882 ;  Annals  New  York  Acad.  Sei,  vol.  2, 

p.  217.  Hamilton. 

newbexryi  HaU,  1888;  Pal.  New  York,  vol.  7,  p.  219,  pi.  36,  figs.  16-19, 

nitidnlas  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  218,  pi.  36,  fig.  4.        Ham  ilton. 

squama  Hall,  1888 ;  Pal.  New  York,  vol.  7,  p.  217,  pi.  36,  figs.  5-8.      Hamiltou. 

tener  HaU,  1888 ;  Pal.  New  York,  vol.  7,  p.  219,  pi.  36,  figs.  9-14.         Hamiltoa. 

Bull.  63 12 


Digitized  by 


Google 


Digitized  by 


Google 


LIBRAEY  ClTALOGUE  SUPS. 

United  States.    DeparitMnt  of  the  interior.    (  U.  S,  geological  etirvey). 
Department  of  the  interior   |  —  |    Bulletin  |  of  the  |  United 
States  I  geological  snryey  |  no.  64  |  [Seal  of  the  department]  | 
J  Washington  |  government  printing  office  |  1890 

3  Second  title:  United  States  geological  survey  |  J.  W.  Powell, 

J  director  |  —  |  A  report  of  work  dbne  |  in  the  |  division  of  chem- 

istry and  physics  |  mainly  during  the  |  fiscal  year  1888-^89  |  —  | 
F.  W.  Clarke,  chief  chemist  |  [Vignette]  j 
Washington  |  government  printing  office  |  1890  t 

99,   SO  pp. 


I 


Clarke  (Frank  Wigglesworth). 

United  States  geological  survey  |  J.  W.  Powell,  director  |  —  | 
AreiK>rtof  work  done  |  in  the  |  division  of  chemistry  and  physics  | 
§  mainly  during  the  |  fiscal  year  1888-'89  |  —  |  F.  W.  Clarke,  chief 

chemist  |  [Vignette]  | 
Washington  |  government  printing  office  |  1890 
9P.   «opp. 

[TJinTiD  States.     Department  of  the  interior.    (XT.  S.  gedtogieat  ewrvey). 
BnUetinM]. 


^  United  States  geological  survey  |  J.  W.  Powell,  director  |  —  | 

¥  A  report  of  work  done  |  in  the  |  division  of  chemistry  and  physics  | 

1  mainly  during  the  |  fiscal  year  1888-^89  |  —  |  F.  W.  Clarke,  chief 
^  chemist  |  [Vignette]  | 

5  Washington  |  government  printing  office  |  1890 

2  60.   sopp. 

•  [TJkitid  Statss.     Department  of  the  interior.     {IT.  8.  geological  luroey). 

g  Bulletin  61] 


Digitized  by 


Google 


Digitized  by  VjOOQ  IC 


A-IDVERTISEMKNT. 

fBoUAtin  No.  64.] 


The  publications  of  the  ITnited  States  Geological  Sarrey  are  issaed  in  accordance  ^th  the  etatnte 
approved  March  3, 1879,  w{iioh  declares  that— 

"  The  pablicatioQS  of  the  Geological  Sarveyshall  oonsistof  the  annual  report  of  operations,  geological 
and  economic  maps  illustrating  the  resources  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise lu  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
Mid  for  sale  at  the  price  of  publioatiou ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  ITnited  States  and  form  a  part  of  the  library  of  the  organisation :  And  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  ITnited 
States." 

On  July  7, 1882,  the  following  jomt  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress: 

*  *  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  prkited, 
in  addition  to  the  number  in  each  case  stated,  the  *  usual  nombep'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 

ANinTAL  RBPORTS. 

I.  First  Annual  Report  of  the  ITnited  States  Geological  Survey,  by  Clarence  King.  1880.  8<'.  79  pp. 
I  map.— A  preliminary  report  describing  plan  of  organization  and  publications. 

n.  Second  Annual  Report  of  the  ITnited  States  Geological  Survey,  1880-81,  by  J.  TV.  Powell.  1882. 
99.    Iv,  588  pp.    61  pL    1  map. 

in.  Third  Annual  Report  of  the  ITnited  States  Geological  Survey,  1881-*82,  by  J.  W.  Powell.  1883. 
8".    xviii,  564  pp.    67  pL  and  maps. 

IV .  Tonrth  Annual  Report  of  the  United  States  Geological  Survey,  1882-'83,  by  J.  W.  Powell.  1884. 
99,    xxxii,  473  pp.    85  pi.  and  maps. 

y.  Fifth  Annual  Report  of  the  ITnited  States  Geological  Survey,  1883-'84,  by  J.  W.  PowelL  1885, 
99.    xxxvi,  469  pp.    58  pi.  and  maps. 

YI.  Sixth  Annual  Report  of  the  ITnited  States  Gkiologioal  Survey,  1884-'85,  by  J.  W.  Powell.  188C. 
99.    xxix,  570  pp.    65  pi.  and  maps. 

YII.  Seventh  Annua)  Reportof  the  ITnited  States  Geological  Surrey,  1885-'86,  by  J.  W.  Powell.  1888. 
8^.    zx,656pp.    72  pi.  and  maps. 

Tm.  Eighth  Annual  Report  of  the  ITnited  States  Geological  Survey,  1886-'87,  by  J.  W.  Powell.  1889. 
8^.    2  V.    XX,  1063  pp.    76  pi.  and  maps. 

IX.  Hinth  Annual  Report  of  the  ITnited  States  Geological  Survey,  1887-'88,  by  J.  W.  Powell.  1890. 
99.    ziii,  717  pp.    88  pL  and  maps. 

The  Tenth  Annual  Report  is  in  press. 

MONOGRAPHS. 
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PREFACE. 


The  preseDt  balletiD  represeDts  work  finisbed  in  tbe  Drnglon  of 
Chemistry  and  Physics  daring  the  fiscal  year  1888-'89,  aod  resembles 
in  general  design  and  purpose  its  predecessors,  Nos.  9,  27,  42,  55,  and 
60.  It  covers,  however,  only  a  part  of  the  work  actually  accoinpli§bed, 
for  some  investigations  are  not  yet  completed,  others  will  appear  In 
special  bulletins  now  in  course  of  preparation,  and  many  analyses  will 
be  published  in  forthcoming  reports  of  the  field  geologists* 

F.  W.  Clarke, 

Ok^t  VhemUt 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 
PHYSICS  IN  1888-'89. 


A  THEORY  OF  THE  MICA  GROUP. 


By  F,  W.  Olabkb, 


Ever  since  its  publication  in  1878,^  in  spite  of  a  few  dissentient 
voices,  Tschennak's  theory  of  the  mica  group  has  been  generally  in 
YOgae.  Nevertheless,  upon  carefol  inspection,  the  theory  seems  open  ' 
to  serious  objections.  In  brief,  omitting  details  for  the  present, 
Tdchermak  regards  the  micas  as  made  up  of  four  fundamental  mole- 
cules; to  which  the  following  formulse  are  assigned: 

1.  R'sAIeSicOw. 

2.  Mg,aSi60s4. 

3.  H8SiioOi4. 

4.  F84Siio08. 

B^  stands  obviously  for  K,  Na,  Li,  or  H ;  Mg  is  equivalent  to  Fe^',  and 
aluminum  may  be  replaced  by  ferric  iron.  The  first  of  these  formulas 
represents  fairly  well  the  composition  of  normal  muscovite  and  para- 
gonite }  the  only  objection  to  it  being  that,  as  used  by  Tschermak,  it  as- 
sumes the  double  atom  of  quadrivalent  aluminum.  Since  it  has  been 
proved  by  Nilson  and  Petterson,  Combes,  Quincke,  and  others,  that 
aluminum  is  truly  trivalent,  the  formula  should  become  B^aAlaSisOjt; 
which,  as  I  have  shown  in  several  previous  papers,  may  be  regarded  as 
a  substitution  derivative  of  normal  aluminum  orthosilicate. 

The  second,  third,  and  fourth  of  Tschermak's  formulsB  represent 
liyi>othetical  compounds,  the  second  being  a  polymer  of  chrysolite,  to 
which,  in  nature,  some  varieties  of  talc  offer  the  nearest  approximation. 
The  tiiird  and  fourth  formulse  are  analogous  to  no  known  substances, 
and  are,  moreover,  improbable  chemically.  No  mica,  by  itself,  resembles 
in  composition  either  of  the  three.  One  formula,  then,  corresponds  to 
an  observed  mineral,  while  the  others  are  purely  speculative ;  a  state 
of  affairs  which  is  not  altogether  satisfactory.  Furthermore,  the  four 
formute  represent  as  many  distinct  chemical  types,  whereas  it  would 
seem  as  if  all  the  true  micas  should  be  reducible  to  one  general  form, 
under  which  their  isomorphism  would  be  more  readily  intelligible. 


^Ber.  Wien.  Akad.,  vol.  78,  p.  5.    Zeitechr.  Kryet.,  vol.  3,  g.  1^. 
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There  is  stiU  another  objection  to  Tschermak's  system  of  formnls^^ 
which,  if  sustained  by  fatare  investigation,  will  be  fatal.  Under  his 
theory  the  ratio  of  oxygen  to  silicon  in  the  micKs  can  never  exceed  four 
to  one;  while  the  pnblished  analyses  of  micas  often  show  values  far 
higher,  ranging  in  some  cases  nearly  up  to  five.  In  certain  instances, 
as  Tschermak  himself  suggests,  this  excess  of  oxygen  over  the  ortho- 
silicate  ratio  may  be  due  to  water  inclosed  between  micaceous  laminse; 
and  in  other  cases  it  may  indicate  partial  alteration.  There  are  micas, 
however,  in  which  neither  of  these  explanations  appears  to  be  satisfiEuv 
tory,  and  the  weight  of  evidence  goes  to  show  that  the  excess  of 
oxygen  is  essential.  If  this  be  true,  Tschermak's  theory  is  so  far  inade- 
quate, for  to  such  micas  it  can  not  apply  without  serious  modification. 
The  question  can  only  be  settled  experimentally,  but  at  present  the 
objection  raised  by  it  can  not  be  ignored.  Some  of  its  details  will  be 
considered  later. 

Now,  in  order  to  conclusively  replace  Tschermak's  theory  by  some- 
thing better,  two  fundamental  conditions  must  be  satisfied.  First,  all 
micas,  with  the  possible  exception  of  the  pseudomica,  margarite,  should 
be  reducible  to  one  general  type  of  formula,  which  shall  express  all 
known  relations  equally  well  with  the  formulsB  proposed  by  Tschermak. 
Secondly,  hypothetical  compounds  must  be  so  fiar  as  possible  avoided, 
and  admitted  into  consideration  only  when  their  assumption  can  be 
shown  to  be  absolutely  necessary.  The  chief  dilQBculties  to  be, over- 
come are  the  variations  in  the  silicon -oxygen  ratio,  and  the  presence  of 
fluorine  in  many  common  micas. 

In  a  number  of  papers  published  during  the  past  four  years,'  I  have 
sought  to  show  that  all  orthosilicates  containing  aluminum  may  be 
represented  as  substitution  derivatives  of  the  normal  salt  A]4(Si04)3. 
Muscovite  can  be  so  derived,  theoretically,  through  the  replacement  of 
one  aluminum  atom  by  B^s;  and  in  many  other  cases  we  have  equal 
simplicity  of  expression.  The  ferro-magnesian  micas,  the  phlogopites, 
and  the  lepidolites,  however,  are  less  simply  derived;  and  I  have  in 
certain  cases  suggested  a  linking  together  of  two  orthosilicate  nuclei 
to  the  group  Al2(Si04)5  in  order  to  account  for  their  formation.  I  am 
now  inclined  to  believe,  however,  that  all  the  true  micas  are  referable 
to  the  same  general  type,  and  have  discussed  nearly  one  hundred 
published  analyses  from  that  point  of  view.  If  we  take  magnesium  as 
a  generic  representative  of  the  bivalent  metals,  and  give  univalent 
elements  or  groups  the  general  symbol  B,  we  can  imagine  the  following 
derivatives  of  Al4(Si04)3  as  easily  possible: 

1.  2.  3. 

Si04  E  R»  Si04  E  Rj  Si04  =  Rj 

Al  — Si04EAl  Al  — Si04=R3  Al  — Si04ER« 

Si04  ~  Al  Si04  ~  Al  Si04  ~  Rs 

'  Am.  Jour.  Sci.,  Nov.,  1886,  and  Aug.,  1887.  Also,  Am.  Chem.  Jour.,  vol.  10,  p.  120 
(March,  1888). 
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4.  5.  6. 

Si04EMgR  Si04EMgR  Si04  =  MgR 

Al  —  SiOi  E  Al  Al — Si04 1  MgR  Al  —  Si04  =1  MgR 

Si04EAl  Si04EAl  Si04EMgR 

To  these  we  may  add,  as  No.  7,  the  compoand  Al2(Si04)6Mg9,  the  biv- 
alent analogue  of  No.  3,  and  identical  in  type  with  it.  Now,  so  long  as 
we  have  only  orthosilicate  micas  to  consider,  these  seven  formula  cover 
aL  their  variations  in  composition ;  provided  that  fluorine,  when  pres- 
ent, is  represented  either  by  — Mg— F  or  — A1=F2,  univalent  groups 
which  are  included  under  the  general  symbol  R^  Most  of  the  micas 
i^pear  as  intermediate  mixtures  of  these  presumably  isomorphous  types. 
No.  1  represents  muscovite  and  paragonite,  and  No.  6  agrees  tolerably 
with  some  phlogopites.  No.  2  may  be  resolved  into  a  mixture,  in  equal 
molecules,  of  No.  1  and  3 ;  and  similarly  No.  5  may  be  regarded  as  com- 
posed of  Nos.  4  and  6.  Nos.  5  and  6,  moreover,  may  be  simplified  into 
mixtures  between  3  and  7,  so  that  numbers  1,  3, 4,  and  7  represent  all 
the  necessary  relations.    Even  No.  4  is  possibly  superfluous. 

So  much  for  the  normal  orthosilicate  micas.  But  in  the  lepidolites, 
phlogopites,  and  some  muscovites,  the  oxygen  silicon  ratio  is  low ;  and 
in  the  lepidolites  especially  it  approximates  more  or  less  closely  to  the 
metasilicate  type.  This  order  of  variation  is  clearly  established,  while 
variations  in  the  opposite  direction,  that  is  toward  excess  of  oxygen, 
may  be  questionable.  If,  however,  in, any  mica  the  oxygen  can  be 
properly  in  excess  of  Si04,  that  excess  may  be  fairly  regarded  as  present 
in  the  group  —  A1=0,  which  is  obviously  equivalent  to  —  A1=P,,  and 
takes  place  with  the  latter  as  a  part  of  W.  Examples  of  this  kind  are 
given  in  one  of  my  former  papers.^  In  all  such  cases  the  system  of 
formulae  proposed  above  applies  perfectly,  and  needs  no  qualification. 
The  variations  in  W  always  fall  within  its  limits. 

The  lower  values  for  the  silicon-oxygen  ratios  are  explicable  as  follows : 
The  polysilicic  acid  HfSisOg,  which,  like  H4Si04  is  tetrabasic,  is  repre- 
sented in  nature  by  orthodase  and  albite.  In  anorthite  we  have  an 
orthosilicate,  and  its  mixture  with  albite  gives,  as  is  well  known  to  all 
mineralogists,  the  intermediate  triclinic  feldspars  in  which  pseudo-meta- 
silicate  ratios  often  appear.  H48i308-fH48i04=H88i40i2=4H28i03.  If 
we  assume  a  similar  state  of  affairs  among  the  micas,  and  regard  orthQ- 
silicates  and  polysilicates  as  isomorphously  miscible,  the  lepidolites 
and  other  low  oxygen  micas  are  completely  accounted  for.  We  have 
then  the  same  system  of  general  formulsB  for  all  micas,  the  normal  salts 
Al4(Si04)3  and  Al4(Si308)3  being  the  theoretical  starting  points  for  deri- 
vation. In  every  case  the  composition  of  a  mica  becomes  reducible  to 
the  one  general  type,  under  the  proposed  theory  of  substitution,  feepre- 
senting  the  groups  SiO*  and  SisOg  by  the  common  symbol  X,  the  micas 
all  fall  within  limits  indicated  by  the  formulsa  Al3X3R'3,  and  AIX3RV 
We  may  test  this  principle  and  the  preceding  formulae  by  application 
to  actual  examples,  taking  the  diflferent  micas  group  by  group. 

I  Am.  Jour.  Sci..  Aug.,  1887,  p.  131.    Digitized  by  V^OOgle 
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MUSCOVITE. 

This  mica,  the  most  typical  and  most  abandant  of  all,  is  also  the 
simplest  chemically.  It  is  best  represented  by  formala  No.  1,  which, 
in  its  special  application,  becomes  ordinarily  Al3(Si04)3E[H2,  with  some 
variation  in  the  ratio  of  K  to  H.  In  most  cases  mosoovite  contains 
small  amoonts  of  magnesia  and  ferrons  iron ;  and  if  these  are  deducted, 
as  shown  in  formula  No.  6,  die  residne  agrees  still  better  with  finrmala 
No.  1.  Fln<»rine  is  often  present  in  small  quantities,  and  appears  to 
vary  in  relation  to  hydrogen,  being  the  lowest  when  the  latter  n  high, 
and  the  reverse.  Hence  it  is  probable  that  the  group  AlFs  replaces  H 
rather  than  K.  This  is  shown  more  clearly  among  the  lepidoUtes,  in 
which  fluoritie  reaches  a  maximum,  while  the  proportion  of  water  is 
almost  insignificant 

Some  muscovites,  however,  vary  from  the  normal  compound  in  that 
they  contain  more  silicon  and  less  oxygen ;  thus  approaching  somewhat 
to  lepidolite.  These  micas,  which  l^hermak  has  called  ^*  phengites," 
are  represented  by  him  as  mixtures  of  AlaB'eSieOsi  with  H8Sii0Os4  in  the 
ratio  of  three  to  one.  It  is  simpler,  however,  to  follow  out  the  analogy 
offered  by  the  feldspar  group,  and  to  assume  the  existence  in  museovite 
of  the  isomorphous  compound  Al3(Si308)3KHt.  True,  this  compound 
has  not  been  found  by  itself  in  nature,  and  so  £ftr  its  assumption  la 
objectionable.  But  the  compound  H8SiioOs4  is  also  non-exist^it,  is 
different  in  type  from  ordinary  museovite,  and  is  not  easily  conceivable 
as  a  definite  entity.  The  alternative  which  I  ofifer  for  it  is  therefore,  it 
seems  to  me,  more  philosophical  and  more  satisfactory ;  and  it  accounts 
cotnpletely  for  all  the  oxygen  variations  in  museovite.  For  the  sake  of 
brevity,  however,  we  may  well  retain  the  name  of  phengite  in  our 
vocabulary,  and  may  speak  of  micas  containing  the  SisOg  group  as 
more  or  less  phengitio. 

In  order  to  show  the  method  of  discussion  which  I  have  employed, 
we  may  take  the  four  museovite  analyses  considered  by  Tschermak.  A, 
museovite  from  Bengal,  analyzed  by  Blau;  B,  Bast  Indies,  by  Sipocs; 
C,  Bothenkopf  in  the  Zillerthal,  by  Sipoc^ ;  D,  Soboth  in  Steiermark, 
by  L3bi8ch.    Of  these,  0  and  D  are  phengites. 


A. 


SiO, 45.57 

Al,Ot !    88.72 

Vefit i        .95  j 

FeO L28  j 

MgO 38  I 

CaO 21  j 

K,0 8.81 

Na,0 62! 

Li,0 19  i 

H,0 5.05  1      4.83 

F 15  .12 


45.71 
36.57 
1.19 
1.07 
.71 
.40 
9.22 
.79 


100.67 


C. 

45.87 
30.86 
6.70 
L69 
1.66 
.23 
9.07 
.54 


D. 


4.60 


100.12 


4&76 
29.91 
4.M 
.41 
2.63 
.33 
6.83 
2.31 


4.60 


100L02 


Digitized  by 


v^oogle 


cioBwJ  A  THEOBY   OF  THE   MICA   GROUP.  13 

Kow,  computiDg  the  molecalar  ratios  in  the  nsual  way,  uniting  ferric 
oxide  with  alumina,  ferrous  iron  and  lime  with  the  magnesia,  and  con- 
solidating the  alkalies  under  the  general  symbol  WzOj  we  have  the 
following  empirical  formulse  for  the  four  micas: 

A.  AlrasMg'joBWHMoFeSirfidOaoBT* 

B.  AlTKHga^B'sasHMiFeSiTnOMST* 
,  C    AlsTeMgcoB'aisHsisSiTaeOains* 

D.     Al«34Mg78B'<»oH61sSi8130ao8l. 

Regarding  the  fluiMrine  as  AlF^,  and  uniting  it  and  the  H  with  B', 
thoBe  formate  become,  almost  exactly : 

A.  Al7»Mg3oB'7w(Si04)w3(8i308)a. 

B.  Alr»Mgs»R'T6i(Si04)758(8i308)3. 

C.  AlflreMgMB'724(Si04)fl99(8i,08)«. 

D.  AU84Mgr8B'7M(8i04)Ml(Si308)»7. 

Oombining  the  two  acid  groups  under  the  indiscriminate  symbol  Xf 
we  have: 

A.  Al799Mg3oB'783^766* 

B.  AlTwMgsgB'reiXTse. 

C.  AWeMgesB'TSiXTsi* 

D.  Al534Mg78B'738X899« 

These  are  equivalent  to  the  following  mixtures  of  the  isomorphous 
salts  represented  by  the  general  formulae  6, 3,  and  1,  lathe  fundamental 
system  above  cited: 

A.  lOAlXsMgsB's+^AlXsR'oH-SSSAlaXsBV 

B.  13AlX3Mg8B',-f239Al3X3B'». 

C.  22AIX3Mg8R'3-h218Al3X,R'3. 

D.  36AlX3Mg8R'8+7AlX3R'»+200AlsX3R's. 

In  each  case  the  final  formulsB  vary  from  the  original  ratios  only  to 
an  extent  which  is  ascribable  to  the  minute  residual  errors  of  calcula- 
tion. The  new  expressions  conform  perfectly  to  the  evidence  of  analysis. 
Eight  other  muscovite  analyses,  similarly  discussed,  gave  strictly 
similar  and  equally  sharp  results. 

LBPIBOLITE. 

In  this  species,  the  most  phengitic  of  all  the  micas,  we  find  little 
water,  high  fluorine,  and  a  very  notable  proportion  of  lithia.  It  always 
occurs  with  muscovite,  and  commonly  implanted  upon  the  latter  in 
snch  a  way  as  to  clearly  indicate  its  later  formation.  In  composition  it 
is  regarded  by  Tschermak  as  a  mixture  of  Al6K6Si6024  with  F24Siio08, 
the  former  being  about  half  replaced  by  the  corresponding  Al6Li6Si6024, 
and  the  latter  in  part  by  H8Siio024.  The  objections  to  this  interpreta- 
tion have  already  been  pointed  out. 

Under  the  new  mode  of  interpretation,  lepidolite  becomes  much 
simpler.  In  every  case,  if  we  eliminate  traces  of  magnesia  and  iron, 
as  was  done  under  muscovite,  the  residue  corresponds  sharply  to  a 
mixture  of  the  two  molecules  AlXaR'g  with  AlaXaR'g,  X  representing 
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SiaOs  and  Si04  indiscriminately.  In  the  purest  lepidolites  these  mole- 
cules are  in  the  ratio  1 : 1,  corresponding  to  AUXsB'e ;  but  in  general 
the  second  molecule  is  slightly  in  excess,  due  to  small  admixtures  of 
normal  muscovite.  In  the  discussion  of  fourteen  published  analyses 
of  lepidolite  the  ratio  SiaOg:  Si04  varies  from  1 : 1  to  1 :  3 ;  and  the  sum 
of  Li+ AIF3  appears  to  be  directly  related  to  the  proportion  of  Si^O^ 
In  brief,  expan(^ng  the  general  formulse  given  above^  typical  lepidolite 
may  be  expressed  by  the  two  compounds  Al3(Si04)3EHLi  and 
Al(Si308)3K3Li3(AlFt)3  in  equal  molecules.  All  the  variations  may  be 
accounted  for  by  admixtures  of  muscovite,  with  sometimes  a  trivial 
amount  of  the  magnesium  or  iron  salt,  No.  6,  as  an  impurity. 

For  purposes  of  illustration,  four  of  the  lepidolite  analyses  may  be 
considered  in  detail,  as  follows:  E,  from  Bozena,  by  Berwerth,'  F, 
Juschakova,  by  Bammelsberg;^  G,  Schiittenhofen,  by  Scharizer;'  H, 
j^hite  lepidolite  from  Norway,  Maine,  by  Biggs.^ 


SiOi ... 

AlA- 
FeiO... 
MniO,. 
HnO... 
FeO... 
MgO... 
CaO... 
KaO... 
N»iO.. 
Li/)... 
HiO... 

F 

PiO... 
SnO,... 


LeasO.. 


50.96 
27.80 


10.78 


&88 

7.88 
.05 


lOi.88 
3.32 


101.06 


50.96 
22.20 


5.38 


U.89 

.82 

5.65 


8.58 


104.48 
3.61 


100.87 


G. 


48.26 
25.26 


.84 


18.85 
.35 
5.38 
1.76 
5.68 


103.29 


100.91 


49.52 

2a  80 

.40 


.07 

.24 

.02 

.13 

12.63 

.13 

3.87 

L72 

5.18 


102.71 
2.18 


100.53 


Disregarding  trivial  impurities,  and  computing  the  ratios  as  before, 
we  have  from  these  analyses  the  subjoined  empirical  expresfiftons: 

E.  Al347K230Lije2Hi06(AlF9)807(8i3O8)l8l(8iO4)306. 

F.  AlMoKa«Li57«(AlP,)886(Si308)««(Si04)«t. 

G.  Al346R"»4KttoLiaMH,96(AIF,),49(Si308)iij«(Si04W 

H.     Al484R"TK378Li266H,«(AlF,),36(8i308)l4l(8i04)4«. 

Oondensing,  these  become: 

E.  AU47R'(BftX48T. 

F.  Al28oR'864X434> 

G.  AJsfftR^'MR'gfisXfios* 

H.     Al434R"7R'858X«4. 


^  See  Tschemiak's  paper,  1.  c. 

'  Wiedemann's  Annalen,  vol.  7,  p.  143. 


=»Zeit8chr.  Kryst.,  vol,  13,  p.  467. 
*  Am.  Jour.  Sci.,  Nov.  IS^le 
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Whence  we  get,  very  nearly: 

E,  70  AlXjR'a-f  02  AlsXsR's 

F,  71  AlX3R'9+70  AloXaR's. 

G,  8  AlX3R"3R'34-75  AlXaR'g+Sr  AljXaR'a. 
H.     2  AlX3R"aR'3-f52  A1X3R'9+127  AljXjR'j. 

Two  otber  highly  fluoriferoas  lithia  micas,  ^ryophyllite  and  zinn- 
waldite,  may  properly  be  considered  here.  For  the  former  we  have 
Siggs's  analysis,  and  for  thp  latter,  analyses  by  Berwerth  and  Bammels- 
berg.  From  these  analyses  we  get  the  following  empirical  formulae : 
1,  Biggs,  eryophyllite;  2  and  3,  Berwerth  and  Eamraelsberg,  zinn- 
waldite. 

1.  Al,86Pe''wK366LisB4H,4fl(AlP9)l7s(Si30g)MT(Si04)l86. 

2.  Al339Fe",MK««Liai8H,w(AlF3W8i308),5,(Si04)3i9. 

3.  Al«44Fe"i67K^«Li«4H.16(AlF2)900(Si3O8)lfl6(8iO4)308. 

Condensing  these  formnlsB  they  become : 

1.  All8eFe94R'904X4i3. 

2.  Al839Feie6RS66X463> 

3.  Als44Fei67R'782X4e3. 

Expanding  again,  these  formnlse  give: 

1.  31  (AlX3Fe"3R'3)-|-81(AlX3R'9)H-25(Al3X3R's). 

2.  62  *'  4-49        "        4-43 

3.  56  "  4-53       *'        4-45        " 

The  component  molecules  here  correspond  essentially  to  Nos.  6,  3, 
and  1  of  the  fundamental  series,  the  last  one  in  each  expression  being 
mascovitOi  Whether  the  separate  components  of  E'  and  X  can  be 
distributed  with  certainty  among  the  several  molecales  is  an  outstand- 
ing question;  but  not^  I  believe,  an  unanswerable  one. 

PHLOGOPITE. 

In  order  to  ascertain  the  composition  of  this  mica  I  have  discussed 
the  foar  analyses  cited  by  Tschermak  (1.  c.)i  and  three  of  Bammels- 
berg's.^  All  of  these  are  fluoriferous,  and  all  but  one  are  phengitic,  the 
exception  in  the  latter  case  being  the  Edwards,  K  Y.,  mineral,  which 
Tschermak  regards  as  somewhat  altered.  I  have  also  considered  the 
new  phlogopite  fi*om  Edwards,  recently  described  by  Penfield,^  which 
Is  remarkable  as  being  free  from  flnorine. 

In  general,  phlogopite  agrees  closely  with  the  formula  AlXsMgsR's, 
bat  there  are  often  variations  which  are  not  easy  to  explain,  and  which 
are  greater  than  can  be  accounted  for  by  presumable  errors  of  analysis. 
They  may  be  due  in  part  to  impurities  arising  from  the  great  altera- 
bility  of  the  mineral ;  but  I  am  inclined  to  trace  the  difficulties  to  other 
sources. 

I  Wiedemann's  Annalen,  vol.  9,  p.  129.  ^Am.  Jour.  Sci.  (3),  vol#  36^m, 
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In  order  to  satisfy  the  conditions  of  the  formnlse  proposed  by  me^it 
is  necessary  that  the  alaminum  atoms,  apart  from  AlFs,  shall  be  in 
number  at  least  one-tliird  of  X ;  but  in  several  phlogopites  the  alum- 
ina is  too  low  to  fulfill  this  requirement,  and  the  difficulty  is  best 
obviated  by  assuming  an  MgF  group  in  place  of  AlF^.  In  Penfidd's 
phlogopite,  however,  there  is  no  fluorine,  and  yet  the  alumina  is  con- 
siderably— abont  two  per  cent— too  low.  If  we  suppose  in  his  mineral^ 
which  came  from  a  talc  mine,  a  small  admixture  of  talc,  the  residue 
agrees  with  the  theoretical  formula,  X  being  wholly  SiOf ;  but  if  Itiat 
impurity  is  absent  we  must  assume  that  the  mica  differs  from  ordinary 
phlogopite  by  containing  the  group  —  Mg — OH  instead  of  the  usual 
MgF.  The  composition  of  the  mineral  then  reduces  to  the  uniform 
type.  I  am  now  disposed  to  believe  that  phlogopite  differs  fix>m  tiie 
other  micas  in  that  it  contains  these  special  groups  MgF  and  MgOH, 
both  as  part  of  W ;  but  the  supposition  is  not  yet  fully  justified.  It  is, 
however,  I  think,  susceptible  of  experimental  investigation,  and  a  lab- 
orator/ research  upon  the  problem  is  now  being  carried  out  under  my 
direction.  Apart  from  that,  the  supposition  is  strengthened  by  the 
composition  of  certain  vermiculites,  some  of  which  have  certainly  been 
formed  by  the  alteration  of  phlogopite.  Three  of  these  interesting^ 
minerals  are  represented  fairly  well  by  the  subjoined  formula,  in  which 
ferric  iron,  present  in  small  quantities,  has  been  reckoned  with  the 
alumina. 


Si04  =  (MgOH),  Si04  "  )  8104  E  MgH 

/  /             ?Mg,  / 

Al-Si04EAl  AI— 8i04^S  Al— Si04=MgH 

Si04EAl  8i04EAl  Si04EAl 


-fSHsO.  +3H9O.  +3Hj|0. 

Dadleyite.  Colsageeite.  JefRarisite. 

It  is  by  no  means  certain  that  the  vermiculites  are  so  simple  in  compo- 
sition or  so  definite  as  these  symbols  would  seem  to  indicate ;  but  the 
formulae  are  decidedly  suggestive,  and  they  show  how  clearly  the 
relations  between  the  micas  and  their  derivatives  may  be  expressed. 

THE  PEBBO-MAGNESIAN  HIGAS. 

This  group  of  micas,  which  includes  biotite,  lepidomelane,  annite^ 
haughtonite,  siderophyllite,  and  other  supposed  species,  is  apparently 
quite  complex.  In  place  of  magnesia,  ferrous  iron  is  often  predominant ; 
in  the  lepidomelanes,  ferric  iron  replaces  aluminum,  and  in  forty-four 
out  of  the  fifty-six  analyses  discussed,  the  oxygen  was  in  excess  of 
Si04.  Only  seven  of  these  micas  appeared  to  be  phengitic ;  and  only 
sixteen  of  the  analyses  reported  fluorine  in  smaU  quantities.  In  six 
instances  AlO  and  AlFt,  were  both  absent 

For  thirty-four  of  the  micas  in  this  group,  formula)  could  be  easily 
computed  upon  the  lines  already  followed ;  that  is,  in  each  case  t&e 

Digitized-byCjOOglC 


CLAMUB.1  A  THEORY   OP   THE   BHCA   GROUP.  17 

composition  was  represented  by  a  mixture  of  AlXaB^'sB^a  with  AlXsB's 
and  AlsXsB'a,  tbe  second  or  third  of  these  moleoales  being  occasionally 
absent.  Among  the  lepidomelanes  there  was  an  approximation  to  a 
distinctively  mnscovitictype ;  and  in  two  cases  formula  No,  4,  AlaXsB^'E, 
seemed  to  apply.  With  each  mica  an  attempt  was  made  to  determine 
the  proportions  of  tiie  several  admixed  molecules ;  but  the  results, 
although  numerically  conformable  to  the  general  theory,  were  not  abso- 
lutely conclusive.  The  chief  difficulty  lay  in  the  uncertainty  attaching 
to  the  water  determinations,  upon  which  the  question  of  oxygen  excesses 
depends.  Since  water  has  a  low  molecular  weight,  a  small  error  in  its 
estimation  becomes  relatively  large  in  the  molecular  ratios,  and  two 
sorts  of  errors  are  presumable :  First,  an  excess  of  water  may  be 
inclosed  mechanically  in  the  material  analyzed,  and  secondly,  a  deter- 
mination by  simple  ignition  is  likely  to  be  too  low  because  of  the  oxida- 
tion of  ferrous  iron.  If  these  errors  occur  together,  they  obviously 
tend  to  compensate  each  other ;  but  either  one  alone  seriously  affects 
the  oo-e$cient  of  B^,  and  appears  in  the  ratio  between  A^XaB's  and 
AIX3BV 

In  twenty-two  of  the  fifty-six  analyses,  however,  the  symbol 
AVKJB/'zB/i  failed  to  account  for  all  the  bivalent  metals,  iron  and  mag- 
nesium. In  these  cases  B^'  was  in  excess  of  B',  and  it  became  necessary 
to  make  use  of  formula  No.  7,  Al2(Si04)6B'V  With  the  aid  of  this 
expression  all  the  ferro-magnesian  micas,  without  a  positive  exception, 
including  the  phlogopites,  were  resolvable  into  mixtures  of  AlsXsB'j, 
AlXaB'e,  and  AI^XeB^V  Upon  this  basis  formula  No.  6  becomes  useless, 
fbr  AlXs&fgsB'a  is  evidently  equivalent  to  a  mixture,  in  equal  molecules, 
of  AlXaB's  and  AlsXeMgg.  All  micas,  then,  so  far  as  the  analyses  are 
aathentic,  may  be  represented  as  mixtures  of  the  molecules  1,  3,  and 
7,  these  being  symbols  of  one  and  the  same  general  type.  The  magne- 
sium (or  ferrous)  salt  thus  assumed,  moreover,  is  not  absolutely  hypo- 
thetical; for,  with  six  molecules  of  water  of  crystallization  added,  it 
approximates  to  certain  individuals  of  the  chlorite  group.  Some  exam- 
ples of  penninite,  for  instance,  approach  rather  closely  to  the  composi- 
tion AU(Si04)6Mg9  .  6H2O,  which  requires  38.71  of  silica,  10.97  alumina, 
38.71  magnesia,  and  11.61  water.  We  have  thus  a  clue  to  the  constitu- 
tion of  the  chlorites,  by  means  of  which  they  may  be  brought  into 
simple  relation  with  the  micas.  This  problem  is  now  under  in  vestigation, 
luid  I  can  only  state  as  a  probability  that  most  of  the  chlorites,  if  not 
all,  may  be  represented  as  mixtures  of  three  fundamental  molecules, 
AJAB^OHaO;  AlX^B'^sHs,  3HtO,  and  Al2X3{MgOH)6.  I  hope  to 
speak  more  positively  upon  this  subject  before  long;  at  present  I  need 
only  point  out  that  two  of  these  molecules  are  simple  hydrates  of  Nos. 
6  and  7,  while  the  third  is  covered  by  the  general  symbol  No.  3,  in  wnich 
B'«  becomes  (MgOH)6.  The  easy  alterability  of  garnet,  Ala(8i04)3B"3 
into  mica  and  chlorite,  is  a  suggestive  bit  of  evidence  bearing  upon 
these  expressions. 
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SCABGABITX. 

Whether  this  species  is  to  be  considered  218  a  tme  mica  or  not,  is 
-perhaps  aa  open  question.  Its  composition  is  relatively  simple^  and  is 
represented  by  the  empirical  fomrala  HaOaAiiSisOu.  Straotarally,  tiiis 
may  be  written  in  two  distinct  ways,  as  follows: 

OH  8i04E(A10)8H. 

Al  — Si04=CaH        or       C% 

SIO4 = (AlO),  SiO*  E(A10)»H. 

The  first  of  these  symbols  derives  the  compound  Arom  the  normal 
aluminum  salt,  and  indicates  a  similarity  of  type  with  the  micas  proper. 
The  second  assumes  a  normal  calcium  salt  as  the  point  of  derivation  ; 
and  I  am  unable  as  yet  to  assign  a  distinct  iH?eferenoe  to  either  ex- 
pression. A  careful  stuQy  of  the  fj^nesis  and  associations  of  margarite 
may  determine  which  of  the  two  formulae  is  the  better.  Possibly  the 
occurrence  of  the  mineral  in  such  mixtures  as  euphyllite,  and  the 
probable  existence  of  a  similar  barium  sale  in  (Bllacherite  points  to  the 
first  of  the  two  formul»  as  the  better.  The  common  occurrence  <^ 
margarite  with  diaspore  also  points  in  the  same  direction.  Oorundophi- 
lite,  which  occurs  associated  with  both  margarite  and  diaspore,  also 
reduces  to  a  type  resembling  the  first  margarite  formula. 

THE  OLINTONITB  OEGUP. 

These  minerals,  the  so-called  ^^  brittle  micas,"  have  also  been  discussed 
by  Tschermak,^  who  includes  under  this  heading  seybertite,  brandisite^ 
xanthopbyllite,  chloritoid,  masonite,  ottrelite,  sismondine,  an^l  sappbir- 
ine.  Physically,  they  are  closely  related  to  the  micas  proper,  and  to 
margarite  in  particular ;  but  chemically  they  are  much  more  basic.  The 
first  three  species  Tschermak  regards  as  mixtures  of  the  hypothetical 
compounds  H20aMg4Si3Oi2  and  HjOaMgAleOu;  to  chloritoid  he  assigns 
the  composition  H2Si3Fe''207,xH2Al407,  and  sapphirine  he  represents 
by  the  formula  Si2Mg»06+ AleMg^Ou. 

Using  the  analyses  cited  by  Tschermak,  I  find  that  all  these  minerals, 

with  the  possible  exception  of  sapphirine,  may  be  represented  by  the 

general  expression 

O 

/    >B" 
Al-0 

Si04EB'„ 

which  is  clearly  and  directly  related  to  the  formula  already  assigned 
to  the  micas  aqd  to  margarite,  and  in  which  the  mode  of  union  of  R'^ 
with  Al,  when  B^'sMg,  suggests  the  common  association  of  mein> 
bers  of  this  group  with  spinel.    In  seybertite  we  have  a  mixture  (rf 

1  Zeitschr.  Kryst,  vol.  3,  p.  496. 
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A10,E''Si04(MgOH)3  with  AlOaB^'SiO^C  A10)3,  B^'  being  partly  Oa  and 
partly  Mg.  In  brandisite  we  have  a  similar  constitation,  with  abont  one- 
foarth  of  R''  replaced  by  H^.  In  chloritoid,  E"= Fe  and  £'3=  HjCAIO)  j 
and  sismondine  is  similar,  with  IV3  possibly  replaced  in  part  by  aI.  The 
compound  Ai03Mg3i04(AlO)3,  found  in  seybertite,  is  a  rongh  approxi- 
mation to  sapphirine^  which  mineral  possibly  has  this  composition  plus 
some  impurities  as  yet  unidentified.  A  wider  range  oi  analyses  is 
needed  in  order  to  establish  these  formnhB  completely;  but  they  seem 
to  have  distinct  advantages  over  the  formute  proposed  by  Tschermak. 

CONCLUSIONS. 

All  the  micas,  vermiculites,  chlorites,  margarite^  and  the  dintonite 
group  may  be  simply  represented  as  Isomoi^phous  mixtures,  every  con- 
stitnent  being  a  substitution  derivative  of  normal  aluminum  polysilicate 
ov  orthosilicate.  To  the  latter  compound  a  structure  may  be  assigned 
somewhat  different  in  form  from  the  one  I  have  chosen,  without  affect- 
ing in  any  notable  way  the  general  system  adopted.  Upon  this  basis 
all  the  minerals  named  are  reducible  to  the  same  general  type,  which 
accounts  for  observed  isomorphisms,  and  for  the  relations  of  the  micas 
to  other  species^  with  fewer  assumptions  of  hypothetical  compounds 
tiian  are  necessary  under  other  known  schemes  of  interpretation.  In 
most  cases  the  evidence  is  clear,  direct,  and  conclusive;  in  other  oases, 
few  in  number,  it  is  at  present  somewhat  obscure.  It  may  be  claimed, 
without  extravagance,  that  the  formulse  have  the  merit  of  suggestive- 
ness,  and  that  they  form  a  scientific  basis  for  future  research. 


Digitized  by 


Google 


A  PLATINIPEROUS  NICKEL  ORE  PROM  CANADA 


By  p.  W.  Clarke  and  Charles  Oatlett. 


Daring  the  aatumn  of  1888  we  received,  through  two  different  chan- 
nels, samples  of  nickel  ores  taken  from  the  mines  of  the  Canadian 
Copper  Company  at  Sadbnry,  Ontario.  From  one  source  we  obtained 
two  masses  of  salphides,  to  be  examined  for  nickel  and  copper;  from 
the  other  source  came  similar  sulphides,  together  with  a  series  of  soil 
and  gravel-like  material,  seven  samples  in  all.  In  the  latter  case  an 
examination  for  platinum  was  requested,  and  in  five  of  the  samples  it 
was  found,  the  gravel  abo^e  mentioned  yielding  74.85  ounces  of  metals 
of  the  platinum  group  to  the  ton  of  2,000  pounds.  At  the  outset  of 
the  investigation  we  were  decidedly  incredulous  as  to  the  existence  of 
platinum  in  such  ores;  but  the  discovery  of  sperrylite. by  Mr.  Wells 
in  material  from  the  same  mines  gave  our  work  a  wholesome  stimulus, 
and  the  assays  were  carefully  carried  through. 

The  sulphide  ores  submitted  to  us  from  Sudbury  were  all  of  similar 
character.  They  consisted  of  mixed  masses,  in  which  a  gray  readily 
tarnishing  substance  was  predominant,  with  some  chalcopyrite,  possibly 
some  pyrite,  and  a  very  little  quartz.  Two  samples  were  examined  in 
mass;  one  gave  3L41  per  cent  of  nickel  with  a  little  copper,  the  other 
gave  35.39  per  cent  of  nickel  and  5.20  of  copper.  The  nickel  mineral 
itself  proved  to  be  a  suphide  of  nickel  and  iron,  and  as  ores  of  that 
composition  are  not  common,  it  was  thought  desirable  to  examine  the 
substance  further. 

As  above  stated,  the  nickel  mineral  is  the  predominating  constituent 
of  the  masses  submitted  for  examination.  It  is  steel  gray,  massive,  and 
exceedingly  alterable  in  the  air,  and  its  specific  gravity,  determined  by 
pycnometer,  is  4.541.  An  analysis  of  carefully  selected  materii^  gave 
the  following  results : 

Ni 41.96 

Fe 15.57 

SiO* 1.02 

Ca 62 

S 40.80 

99.97 

Neither  cobalt  nor  arsenic  could  be  detected. 

The  foregoing  figures  work  out  sharply  into  the  ratio  B :  S : :  4 : 6 ;  and 
approximately  into  the  formula  NiaFeS^.    If  we  deduct  silica,  together 
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with  the  copper  reckoned  as  admixed  chalcopyrite,  and  recalculate  the 
remainder  of  the  analysis  to  100  per  cent,  we  have  the  following  figures : 


1  A8  found.      jji^peSs. 

1                     t 

Ki: j       43.18      j         44.6 

Fe 1        16.47      1         14.4 

8 '       41.35      '       '41.0 

1      100.00      1       100.0 

!                    ! 

In  short,  the  mineral  has  the  composition  Ni4S5,  with  abote^  one-fourth 
of  the  nickel  replaced  by  iron.  The  only  known  species  with  which  this 
agrees  is  Laspeyres's  polydyDiite,  of  which  the  Sudbury  mineral  is  evi- 
dently a  ferriferous  variety.  What  relations  it  may  bear  toward  bey- 
richlte,  pyrrhotite,  etc.,  is  as  yet  a  matter  of  considerable  uncertainty. 
Probably  in  most  cases  the  nickeliferous  constituent  of  pyrrhotite  is 
millerite,  but  other  sulphides,  like  the  polydymite,  may  perhaps  occur 
also. 

The  polydymite  which  was  selected  for  the  above  analysis  came  from 
the  mass  in  which,  in  average,  35.39  Ni  and  5.20  Ou  had  previously  been 
foand.  The  mass  weighed  several  kilograms,  and  was  remarkably  free 
from  quartz.  The  same  mass,  with  two  smaller  pieces  resembling  it, 
were  also  examined  for  platinum,  by  the  following  method :  One  assay 
ton  of  the  finely  ground  ore  was  treated  with  nitric  acid  until  all  or 
practically  all  of  the  sulphides  had  beeu  dissolved.  The  dried  residue 
was  then  assayed  in  the  usual  manner :  except  that,  to  facilitate  cu- 
pellation,  a  little  pure  silver  was  introduced  into  the  lead  button.  From 
the  final  bead  the  silver  was  dissolved  out  by  sulphuric  acid,  leaving 
the  platinum  in  a  finely  divided  gray  powder.  The  latter  dissolved 
easily  in  aqua  regia,  and  gave  all  the  reactions  needful  to  identify  it 
thoroughly.  The  results  were  as  follows,  ''A'',  representing  the  large 
mass  in  which  the  polydymite  was  determined : 

Per  cent. 

A,  2.56  ounces  Pt  to  the  ton,  or 0.0087 

B,  1.8  ounces  Pt  to  the  ton,  or 0060 

C,  7  ounces  Pt  to  the  ton,  or .O2A0 

That  the  metal  weighed  was  nearly  all  platinum  is  certain ;  but  it 
may  have  contained  small  amounts  of  other  metals  of  the  same  group. 
The  material  separated  was  not  sufficient  to  warrant  a  search  for  the 
rarer  associates  of  platinum.  Probably  the  platinum  exists  in  the  ore 
as  sperrylite,  although  this  point  was  not  proved.  The  amount  of  plati- 
num in  the  mass  most  thoroughly  examined  would  require,  to  form 
sperrylite,  only  about  0.007  per  cent  of  arsenic,  which  is  too  small  a 
quantity  for  detection  by  ordinary  analysis.  That  platinum  should 
exist  in  appreciable  quantities  in  an  ore  of  such  character  is  something 
quite  extraordinary.  Whether  it  could  be  profitably  extracted  is  an 
open  question.  .    r^^n\f> 
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By  p.  W.  Glabkb. 


In  the  autamn  of  1888,  daring  a  visit  to  the  New  Almaden  Quick- 
silver Mine  in  California,  Dr.  D.  T.  Day,  of  the  U.  S.  (Geological  Survey, 
was  shown  specimens  of  a  mineral  which  was  locally  supposed  to  be 
white  fluor-spar.  It  occurred  in  well-developed  crystals  lining  creviee 
veins  in  the  minCi  and  was  easily  recognizable  as  apophyllite.  Dr. 
Day  secured  a  good  series  of  the  specimens,  and  finally  turned  them 
over  to  me  for  examination.  The  largest  crystals  were  about  two 
centimeters  in  diameter,  and  &irly  transparent,  and  grew  out  ai  crys* 
talUne  masses  of  considerable  thickness,  the  exposed  definite  flEices 
nearly  meeting  at  the  center  of  the  seam  or  vein.  All  of  the  specimens 
were  saturated  with  bituminous  matter,  but  except  for  that  staining 
they  were  quite  colorless. 

In  several  of  the  spedmens  received  the  wall  of  the  seam  was  dis. 
tinctly  shown,  and  between  it  and  the  crystalline  ai>ophyllite  there  was 
a  fibrous  layer  from  one  to  three  centimeters  in  thickness.  That  layer 
was  also  colorless,  except  for  bituminous  staining,  and  on  account  of  its 
relations  to  the  apophyllite  it  appeared  to  deserve  investigation.  A 
sufficient  quantity  of  the  material  having  been  selected,  it  was  digested 
for  about  twenty-four  hours  with  ether  in  order  to  cleanse  it  fh>m  bitu- 
men, and  then  analyzed.  I  give  the  result  in  comparison  with  How'^ 
figures  for  a  Nova  Scotia  gyrolite : 


Clarke. 

How. 

B/> 

14.60 
52.54 

1      0.71 

90.97 

15.05 

5L90 

1.27 

20.05 
0.08 
1.00 

SlOt 
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F«JOt 

CaO 

MffO 

K.0 

1.M 
0.27 
0.05 

KftdO 

F 

LeuO 

loaao 

0.27 

O0L85 

100.03 
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It  will  at  once  be  seieD  that  the  two  analyses,  except  for  the  small 
amoant  of  fluorine,  coincide  qaite  sharply,  and  establish  the  New  Alma- 
den  mineral  as  gyrolite.  The  Nova  Scotian  gyrolite  is  also  associated 
with  apophyllite,  from  which  species  How  supposed  it  to  be  derived.^ 
In  the  present  instance,  however,  the  relative  position  of  the  two  min- 
erals in  the  vein  saggests  that  the  gyrolite  is  the  older;  and  that  the 
apophyllite  may  have  been  formed  from  it  by  a  partial  solution  and 
redeposition  of  its  material  through  the  agency  of  waters  containing 
alkaline  fluorides.  The  gyrolite  is  obviously  not  absolutely  pure,  but 
it  agrees  approximately  with  the  formula  OasSiaOs .  SH^O.  Its  chemi- 
cal structure  and  relations  to  apophyllite  are  not  altogether  dear. 

1  Am.  Jour.  Sol,  (8),  yoL  33,  p.  13« 
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ANALYSES  OP  THREE  DESCLOIZITES  PROM  NEW  LOCALITIES. 


By  W.  F.  Hillebbanb. 


1.  BiAYFLOWER  MINE,  BALD  MOUNTAIN  MINING  DISTRICT,  BEAVER- 
HEAD COUNTY,  MONT. 

Through  Messrs.  W.  H.  Beck  and  George  E.  Lemon,  of  Washington, 
D.  C,  was  received  aboat  a  year  ago  for  examination  a  large  lump  of 
finable,  uncrystallized  material,  having  a  dull  yellow  to  pale  orange 
color,  and  consisting  chiefly  of  a  vanadate,  but  carrying  a  large  per- 
centage of  gangue.  Two  samples  as  pure  as  could  be  selected  firom 
different  parts  of  the  lump  were  analyzed  with  the  following  results: 


L 

IL 

MeM. 

Moleoulw  ntioft. 

PbO 

58.02 
LIO 
0.70 

16.08 

55.84 

1.18 

0.70 

15.01 

20.80 

4.98 
0.18 

55.03 
1.15 
0.70 
15.04 
20.80 
0.32 
0.27 
4.37 
0.18 
0.10 
0.08 

00.82 

.2508% 

.0145 

.0007  M^»«     *•« 

.loosJ 

.11401 

.oouLirn    1.00 

.0010  J 

.2428    2.07 

CaO 

PeO 

ZnO 

V,Q, 

Aii^, 

0.32 
0.27 
4.87 
0.20 
0.10 
0.08 

P,0, 

H,0 

SK), 

€•0 

MffO 

From  1 27.62  per  cent  of  gangue  insoluble  in  cold  dilute  nitric  acid 
has  been  deducted,  and  from  II  22^  per  cent ;  manganese  was  pres- 
ent in  the  gangue  in  small  quantity,  apparently  as  pyrolusite,  but  it 
was  not  dissolved  by  the  acid.  The  insoluble  portion  was  found  also 
to  retain  very  small  quantities  of  lead  and  zinc,  which  were  estimated 
and  included  in  the  analysis  as  probably  belonging  to  the  vanadate. 
The  water  had  to  be  estimated  indirectly  by  deducting  from  the  total 
amount  of  water  afforded  by  the  dried  mixture  of  vanadate  and  gangae 
that  belonged  to  the  latter  alone,  which  was  found  as  follows :  The 
mixture,  dried  at  100^  0.,  was  dissolved  in  cold  dilute  nitric  add,  and 
the  insoluble  matter  collected  in  a  Oooch  crucible  was  dried  at  the  same 
temperature  and  then  ignited.    The  loss  on  ignition  gave  the  water  in 
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the  gangue,  there  being  no  ferrous  iron  in  the  latter  to  influence  the 
roBult.  The  traces  of  SiOz,  CaO,  and  MgO  may  be  neglected  as  proba- 
bly derived  from  the  gangue.  The  water,  it  will  be  noticed,  is  double 
that  required  by  descloizite,  E2(OH)V04,  but  in  view  of  the  liability  to 
error  inherent  in  the  method  of  water  estimation  employed,  this  is  not 
deemed  sufficient  cause  for  separating  the  mineral  from  descloizite, 
although  the  close  agreement  of  the  two  water  determinations,  made 
as  they  were  on  samples  containing  dififerent  proportions  of  gangue, 
would  indicate  the  correctness  of  the  formula  2[Ei2(OB)Y04]+BzO. 

Other  specimens  have  since  been  received  from  the  above-named 
persons  in  which  the  earthy  vanadate  was  associated  sometimes  with 
compact  cerussite  and  galena  in  process  of  alteration.  A  dull  reddish 
substance  which  constituted  a  part  or  even  the  whole  of  some  lumps 
contained,  besides  siUca,  iron  and  some  antimony  in  an  oxidized  condi- 
tion, but  carried  little  oY*  no  vanadium. 

Prof.  P.  A.  Genth  has  already  called  attention^  to  the  occurrence  of 
vanadinite  and  probably  of  descloizite  in  the  Bald  Mountain  mine, 
Beaverhead  County,  Mont.  His  specimens,  however,  showed  the  sup- 
posed descloizite  as  a  pale  brownish  crystalline  coating  on  yellow 
ferruginous  quartz,  whereas  the  present  mineral  shows  no  evidence  of 
crystalline  structure. 

2.  COMMERCIAL  MINE,  GEORGETOWN,  GRANT  COUNTY,  N.  MEX. 

This  is  one  of  the  most  interesting  occurrences  of  descloizite  known, 
because  of  th^  extreme  brilliancy  of  coloring  of  the  mineral.  The  ore 
bodies  in  the  Commercial  mine,  as  well  as  in  the  adjoining  MacOregor 
and  Naiad  Queen  mines,  occur  in  limestone  immediately  under  an  over- 
lying slate,  and  appear  to  narrow  in  depth  where  certain  eruptive  dikes 
cut  through  the  lime,  as  Mr.  Macintosh,  foreman  of  the  Commercial 
mine,  informed  me.  The  absence  of  the  superintendents  of  the  several 
mines  and  the  very  brief  visit  I  was  forced  to  make  prevented  obtain- 
ing more  certain  and  detailed  information. 

In  places  where  the  rock  is  most  fractured  and  crushed  the  descloi- 
zite appears  in  greatest  quantity  and  finest  condition  as  an  incrusta- 
tion on  quartz,  often  covering  large  surfaces,  and  in  color  varying  from 
yellow  through  all  shades  of  orange-red  to  deep  reddish  brown,  the 
last-named  colors  predominating.  The  black  color  so  frequent  in 
descloizite  ftom  Lake  Valley,  N.  Mex.,  caused  by  a  superficial  coat- 
ing or  admixture  of  pyrolusite,  is,  so  far  as  my  observation  extended, 
wanting,  hence  specimens  from  Georgetown  are  likely  to  be  much 
sought  after  for  their  showy  appearance.  A  specimen  in  one  of  the 
banks  at  Silver  City,  N.  Mex.,  taken  from  one  of  the  Georgetown 
mfaies,  resembled  a  stalactite  in  form.  It  was  probably  fully  three  feet 
in  height  by  six  to  eight  inches  or  more  in  diameter,  and  was  deep 
reddish  brown  in  color. 

» Proc.  Am.  Phil.  Soc,  1887,  vol.  24,  p.  38.    Digitized  by  CjOOQ  IC 
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The  incrustatious  are  for  the  greater  part  distinctly  crystalline  and 
are  generally  made  up  of  aggregates  of  more  or  less  globular  forms  of 
a  size  ranging  from  microscopic  to  a  diameter  of  one  or  two  millimeters. 
Each  of  these  is  composed  of  a  great  number  of  apparently  flat  crystalSf 
intergrown,  and  projecting  sufficiently  from  the  surface  to  give  brilliant 
reflections  when  observed  under  the  lens,  and  to  the  naked  eye  a  frosted 
appearance  where  the  globular  growths  are  largest.  The  richest  reddish 
brown  color  is  always  coincident  with  this  development  in  size.  The 
globular  character  changes  frequently  to  adcular.  In  such  cases  the 
incrustation  seems  to  have  originally  formed  on  bunches  of  radiating 
acicular,  almost  colorless,  vanadinite,  which  frequentiy  appears  thos 
coating  the  quartz  and  running  under  the  desdoizite  incrustatioiis. 
Sometimes  the  vanadinite  has  entirely  disappeared,  and  then  there  may 
be  a  hollow  through  the  center  of  the  desdoizite  needle. 

The  occurrence  of  vanadate  of  lead  in  the  MacGregor  mine  at 
G^rgetown  has  been  noticed  by  Professor  Genth  (1.  c,  p.  38).  The spedftc 
gravity  of  the  mineral  was  not  determined;  the  hardness  is  about  3^; 
the  color  of  the  powder  is  orange-yellow.  An  analysis  gave  the  follow- 
ing results  after  deducting  11.91  per  cent  of  insoluble  matter,  almost 
entirely  quartz : 


MoIoonUrratiM. 
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0.04 
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0.08 
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The  third  column  of  molecular  ratios  gives  those  values  after  allow- 
ing for  admixed  vanadinite  calculated  on  the  basis  of  the  chlorine 
found.  A  further  correction  has  probably  to  be  made  for  an  admixed 
soluble  hydrous  (zinc  t)  silicate,  which  might  make  the  ratio  approxi- 
mate more  closely  to  4 : 1 : 1. 


3.  LUCKY  CUSS  MINE,  TOMBSTONE,  COCHISE  COUNTY,  ARE. 

Mr.  W.  F.  Staunton,  superintendent  of  the  Tombstone  Mining  and 
Milling  Company,  and  Mr.  Frank  G.  Earle,  assayer  at  Tombstone, 
kindly  placed  at  my  disposal  for  examination  specimens  of  a  vanadium 
mineral  the  identity  of  which  had  not  been  established.    It  was  foond 
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in  the  Lucky  Cuss  mine  as  an  incrastation,  sometimes  half  an  inch 
thick,  on  qoartZy  showing  more  or  less  botryoidal  surfaces  of  an  inde- 
finable dull  greenish  color.  On  a  fractured  surface  the  color  is  brown ; 
the  luster  is  resinous;  the  structure  granular,  only  occasionally  diverg- 
ing fibrous ;  the  hardness  3.5 ;  the  specific  gravity  of  sample  analyzed 
containing  a  little  impurity,  5.83  at  19<^  O.;  color  of  ponder  lemon- 
yellow.  Analysis  gave  the  following  results  after  deducting  0.67  per 
cent  of  insoluble  matter : 


Kolecolar  ratios. 
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The  low  total  is  probably  owing  to  a  loss  of  zinc  during  analysis. 
Calcite  was  present  as  an  impurity,  and  as  the  OO2  just  snf9ces  for  the 
CaO  and  MgO  these  are  rejected  in  considering  the  composition  of  the 
vanadate.  The  figures  in  the  third  column  of  molecular  ratios  are 
found  by  allowing  for  probably  admixed  vanadinite  calculated  from  the 
chlorine  found.  In  another  specimen  a  qualitative  test  for  chlorine 
indicated  a  greater  admixture  of  vanadinite.  As  in  the  case  of  the 
descloizite  from  Georgetown,  N.  Mex.,  previously  described,  a  further 
allowance  has  perhaps  to  be  made  for  a  soluble  hydrous  silicate.  There 
.can  be  no  doubt  that  the  general  formula  for  the  vanadate  is  that  of 
descloizite. 

In  almost  every  respect  this  mineral  resembles,  so  far  as  the  published 
descriptions  allow  of  judging,  the  descloizite  of  Penfield,^  the  cupi^o- 
descloizite  of  Bammelsberg^'  and  the  ramirite  of  de  Leon,^  perhaps 
also  the  tritochorite  of  Frenzel,*  to  the  similarity  of  which  with  his 
variety  of  descloizite  Penfield  draws  attention  in  his  paper.  Professor 
Genth's  surmise  (1.  c,  p.  39)  of  the  specific  identity  of  all  these  sub- 

» Am.  Jour.  Sci.  (3),  vol.  26,  p.  361. 

«Moiiat8b.  Berl.  Acad.,  1883,  p.  1215. 

^LaRomirita,  nneva  esp^ie  mineral,  Mexico,  1885. 

'■Tschermak's  Min.  and  Petr.  Mittb.,  vol.  3,  p.  506, 1880,  yol.  4,  p.  97, 1881.    . 
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stances  seems  highly  probable.  Oharacteristic  of  fche  present  variety 
is  the  greater  replacement  of  the  lead-zinc  vanadate — ^trnedescloizite— 
by  the  isomorphons  lead-copper  vanadate  and  the  lessened  tendency 
toward  a  fibrons  structure,  which  in  the  other  varieties  described  seems 
to  be  a  decidedly  pronounced  feature.  Possibly  this  last  characteristic 
of  the  Tombstone  mineral,  if  it  be  not  accidental  in  view  of  the  few 
specimens  (three)  examined,  is  a  condition  of  the  first 

According  to  Bammelsberg,*  the  lead-copper  vanadate  correspondiDg 
to  the  lead-zinc  vanadate  (descloizite)  is  mottramite  or  psittacinite, 
though  it  seeihs  not  improbable  that  it  may  be  the  chileite  of  Dana's 
Mineralogy.  Domeyko's  analyses,'  which  led  Kenngott  to  ascribe  tiie 
above  name  to  the  Ohilian  mineral,  show  a  deficiency  of  2.5  and  2.8  per 
cent,  which  may  very  well  be  VtO^.  At  all  events,  a  recalculation  of 
his  analyses  based  on  this  assumption  leads  to  a  proportion  for 
PbO+CuO  :  VjOs :  H^O  of  nearly  4:1:1. 

In  view  of  the  well  defined  character  of  all  these  highly  oupriferoas 
varieties  of  descloizite  it  would  be  well  to  designate  them  once  for  all 
by  some  distinctive  name.  Tritochorite  would  have  precedence  if  the 
substance  to  which  that  name  has  been  given  is  really  identical  with 
the  others,  but  Bammelsberg's  cupro-descloizite  is  more  appropriate  as 
indicating  at  once  the  relationship  to 'descloizite,  and  I  would  suggest 
that  it  be  henceforth  used  for  all  cupriferous  descloizites  showing  the 
physical  characteristics  of  the  mineral  above  described. 

NoTE.^Since  the  foregoing  was  written  there  has  appeared  in  the 
Bull.  Soc.  Franc.  Min.,  Feb.,  1889,  p.  38,  a  paper  by  F.  Pisani,  in  which 
he  gives  another  analysis  of  the  Mexican  cupro-deseloizite  and  discusses 
briefly  the  relations  of  various  vanadates.  The  essential  identity  of 
all  the  above-enumerated  cupriferous  lead-zinc  vanadates,  with  the 
addition  of  another — schaffnerite,  concerniqg  which  I  have  been  uoable 
to  find  any  further  reference  in  mineralogical  literature— is  therein 
upheld,  and  the  suggestion  of  Penfield  regarding  the  possible  identity 
of  tritoshorite  and  cupro-descloizite  is  confirmed  by  Frenzel  himself, 
who  is  quoted  as  writing  to  Professor  DesOloizeaux  that  he  had  not 
thought  it  necessary  to  consider  as  an  essential  constituent  the  two 
per  cent  of  water  which  he  had  found  in  tritochorite. 

1  Chemische  Natur  der  Mineralien,  p.  32. 

•Ann.  d.  Mines,  IV,  vol.  14,  1848,  p.  150;  Phil.  Mag.,  Ill,  vol.  34,  1849,  p.  395. 
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By  J.  Edward  Whitfield. 


While  in  Mexico  during  the  summer  of  1888,  Prof.  H.  A.  Ward,  of 
Ward  and  Howell,  Rochester,  N.  Y.,  obtained  an  undescribed  mass  of 
meteoric  iron  weighing  33.0  kilos. 

The  meteorite  was  found  on  a  peak  of  the  Sierra  de  San  Francisco, 
called  La  Bella  Boca,  in  &ont  of  Santiago  Papasquiaro,  in  the  State  of 
Dnrango.  The  date  of  its  discovery  and  the  name  of  the  finder  are 
unknown. 

The  composition  of  the  metallic  portion  does  not  differ  materially  ft'om 
that  of  other  meteoric  irons,  as  the  following  analysis  will  show : 

Fe 91.48 

Ni 7.92 

Co 0.22 

P 0.21 

8 0.21 

C 0.06 


100.10 


A  feature  of  the  meteorite  is  the  presence  of  large,  deep  pittings  on 
one  side;  these  are  a  little  greater  in  diameter  just  below  than  imme- 
diately at  the  surface  and  each  one  has  a  little  substance  left  at  the 
bottom,  which  evidently  is  the  remains  of  what  originally  filled  the 
cavities.  I  succeeded  in  breaking  from  the  bottom  of  one  pitting 
material  sufficient  to  determine  its  nature.  It  proved  to  be  troilite  as 
the  analysis  will  show : 

N1S2.13,   FeS  85.27,    Fe9.37. 

The  exposed  surface  of  the  troilite  was  greatly  decomposed ;  this 
portion  gave  by  analysis  the  following  figures : 

NiS2.07,    FeS  37.51,    Fe^Oa  37.60.    Moisture,  19.85. 

This  decomposition  gives  grounds  for  the  idea  that  the  deep  pittings 
were  formed  by  the  removal  of  troilite  nodules,  partly  while  the  mass 
was  hot  and  partly  by  the  subsequent  weathering. 
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There  are  nodules  of  troilite  throaghoat  the  entire  mass  of  the 
meteorite,  bat  none  are  removed  so  as  to  form  pittings,  on  any  other  part 
of  the  sorfSetce  but  the  side  which  is  supposed  to  have  been  forward. 

The  mass  is  deeply  fhrrowed  and  aU  the  farrows  tend  away  from  the 
side  containing  the  pittings. 

Slices  of  the  meteorite,  when  etched,  show  rather  coarse  Widinan- 
stiittian  figures  and  also  dark  diagonal  bands  of  troilite. 

From  the  locality  in  which  this  meteorite  was  found  it  is  but  proper 
that  it  should  be  called  *<  La  Bella  Boca." 

I  am  indebted  to  Messrs.  Ward  and  Howell  for  the  material  for  ex- 
amination and  the  privilege  of  description. 
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DUMORTIERITE  PROM  HARLEM,  N.  Y.,  AND  CLIP,  ARIZ. 


By  J.  S.  DiLLER  AND  J.  E.  Whitfield. 


In  1887  Dr.  B.  B.  Biggs  pablished  a  description,  including  a  chemical 
analysis,  of  <<  the  so-called  Harlem  iudicolite,"  which  was  regarded  as 
probably  a  new  boro-silicate.  The  notice  led  to  correspoudence  with 
P^f.  E.  S.  Dana^  who  identified  the  mineral  as  dumortierite,  and  kindly 
sent  as  some  of  the  original  damortierite  from  near  Lyons,  France,  for 
comparison. 

The  physical  properties  of  the  Harlem  damortierite  agree  very  closely 
with  those  mentioned  by  Bertrand/  Oonnard,^  and  Damoar.^  Crystals 
are  very  rare.  An  imperfect  one^  has  been  observed  with  a(  ooPoo )  and 
m(QoP)  equally  developed.  Both  planes  are  striated  parallel  to  the 
vertical  axis.  Indistinct  reflections  allowed  only  approximate  meas- 
urement  am=152<>,  aud  therefore  mm=zl2¥^.  Obtuse  terminal  planes 
rarely  observed  on  embedded  crystals.. 

Cleavage  parallel  to  a  is  distinctly  developed  so  that  when  the  min- 
eral is  crashed  and  examined  under  a  microscope  cleavage  plates  may 
be  found  which  show  an  obtuse  bisectrix  lying  parallel  to  b(  oo^oo ). 
Cross  fiactures  occasionally  yield  basal  sections  which  may  be  made 
to  exhibit  an  acute  bisectrix.  Extinction  always  takes  place  parallel 
to  the  vertical  axis  and  the  mineral  is  evidently  rhombic.^  In  cross- 
sections  imperfect  cleavage  is  rarely  seen  parallel  to  some  prismatic 
plane.  Polysynthetic  twinning  is  very  common  parallel  to  6  as  well  as 
to  other  planes  in  the  prism  zone.  Liquid  inclusions  and  long  tubular 
cavities  parallel  to  the  vertical  axis  are  abundant.  Hardness  =7  and 
specific  gravity  slightly  above  3.265. 

The  rock  in  which  the  dumortierite  occurs  at  Harlem  is  the  pegmatoid 

I  Bull.  Soo.  Min.  d.  France,  toL  3,  1880,  p.  171,  and  vol.  4, 1881,  p.  9. 

^BnU.  Soc.  Min.  d.  France,  vol.  3,  1881,  p.  2. 

3  BoU.  Soc.  Min.  d.  France,  vol.  4,  1881,  p.  6. 

<  It  was  kindly  loaned  to  ns  by  Mr.  R.  T.  Chamberlin,  of  New  York.  Our  thanks 
are  also  doe  to  Mr.  George  F.  Knnz  for  the  material  he  so  generously  famished  for 
this  investigation.  It  was  coUected  along  Fourth  avenue  at  One  hundred  and  twen- 
tieth and  One  hundred  and  twenty-second  streets,  as  weU  as  near  Fort  G^rge,  a  new 
locality  of  the  same  district. 

>  My  observations,  noted  in  Mr.  Riggs's  paper,  already  referred  to,  were  very  hastily 
made  with  imperfect  apparatus,  and  pablished  before  I  had  an  opportunity  for  their 
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portion  of  a  biotite  gneiss.  These  coarse  vein-like  parts  are  composed 
of  qaartz  with  both  red  and  colorless  orthoclase,  some  plagioclase  and 
tourmaline.  The  other  portions  of  the  rock  contain  jnnch  biotite  and 
garnet  The  fibers  of  damortierite  are  sparingly  scattered  through  the 
quartz  in  the  coarse  granular  rock.  A  few  were  observed  penetrating 
plagioclase.  The  thin^  thread-like  fibers  are  occasionally  so  small  as 
not  to  be  distinctly  dichroic,  but  they  are  intermingled  and  connected 
with  larger  dichroic  fibers  by  every  intermediate  gradation  in  size,  so 
that  an  observer  at  once  regards  them  all  as  the  same  mineraL  They 
sometimes  closely  resemble  the  trichitic  forms  in  granitic  quartz,  which 
Dr.  6.  W.  Hawes^  and  many  others  following  his  suggestion  regarded 
as  rutile. 

The  presence  of  tourmaline  in  the  rock  at  Harlem  was  not  at  first 
recognized.  It  is  so  intimately  associated  with  the  dumortierite  that 
they  can  not  be  easily  separated.  Their  pleochroic  phenomena,  however, 
are  60  unlike  that  they  can  be  readily  distinguished  under  a  polarizmg 
microscope.  The  presence  of  tourmaline  renders  the  results  of  Mr. 
Biggs's  analysis  less  trustworthy.  By  means  of  the  EUein  solution  and 
an  electromagnet  the  tourmaline  was  separated  from  the  dumortierite. 
The  .217  gram  of  the  latter  thus  obtained  was  analyzed  with  the  fol- 
lowing result.'    Only  the  smallest  trace  of  62O3  was  observed. 

SiO»  31.44         AljOa  68.91 

Fortunately,  at  the  time  it  became  particularly  desirable  to  obtain  a 
larger  quantity  of  dumortierite  for  analysis  a  collection  of  minerals  was 
sent  by  Mrs.  C.  A.  Bidwell  from  Clip,  Tuma  County,  Arizona,  to  the 
National  Museum  for  identification.  Among  them  Prof.  P.  W.  Clarke 
noticed  a  blue  mineral,  which  proved  to  be  dumortierite.  It  is  finely 
fibrous  and  so  abundant  as  to  give  color  to  the  rock,  which  is  composed 
chiefiy  of  granular  quartz.  A  few  grains  of  magnetite  and  limonite 
are  the  only  other  minerals  intermingled  with  the  quartz  and  dumorti- 
erite, so  that  it  seems  an  easy  matter  by  means  of  a  heavy  solution  and 
an  electromagnet  to  obtain  the  latter  mineral  for  chemical  analysis. 
The  results  are  given  under  I,  below. 

These  figures  appear  to  show  the  material  analyzed  to  be  impure,  and 
it  was  thought  advisable  to  obtain  more  of  the  rock  and  endeavor  to 
separate  the  dumortierite  as  far  as  practicable  firom  all  impurities. 
Mrs.  0.  A.  Bidwell  kindly  furnished  a  sufficient  amount  of  much  better 
material,  in  which  the  only  mineral  associated  with  the  dumortierite 
was  quartz.  As  dumortierite  is  not  acted  upon  by  hydrofiuoric  acid  ; 
the  rock,  after  being  crushed  to  small  particles,  was  digested  in  this  acid 
for  a  length  of  time  sufficient  to  decompose  most  of  the  quartz.  The 
mass  was  then  washed  with  water,  dried,  and  any  quartz  that  might 
still  remain  separated  by  Thoalet's  solution.    After  thorough  washing 

1  Mineralogy  and  Lithology  of  N.  H.,  1878,  p.  45. 

*Tbe  ohemloal  work  for  this  paper  was  done  by  ISi^  "^Yhitfteld. 

Digitized  by  CjOOQ  IC 


DILLSB  AKDl 
WHITFIXLO.  J 


DUMOBTIEBITE. 


33 


the  material  was  examined  with  the  aid  of  a  microscope  and  found  to 
be  firee  from  gangue.  Having  been  ground  exceedingly  fine  and  dried 
at  1040  G.  for  aboat  three  hours^  the  mineral  was  analyzed  with  the  fol- 
lowing results  (II) : 


L 

n. 

si^ 

3L52 

«3.66 

traoe. 

.52 

.37 

.11 

2.63 

1.84 

27.W 
64.49 

AUh 

CtX) 

MgO 

traoe. 

Na/)    

K^ 

BtOi 

4.05^.98 

0.20 

H,0   1.71 

P|0. 

IgniUon 

100.14 

99.86 

Analysis  11  shows  less  impurity  than  the  first  specimen  analyzed. 
These  results  indicate  either  that  dumortierite  is  not  a  simple  silicate 
of  aluminum  as  stated  by  Damour;^  or  else  that  the  material  analyzed 
was  a  mixture  of  dumortierite  with  some  other  compound. 

If  we  assume  the  formula  of  Damour  to  be  correct  and  estimate  all 
the  SiOa  in  the  analysis  as  belonging  to  the  formula  AleSisOig,  then 
there  will  be  left  unaccounted  for  a  small  amount  of  AI2O3,  HjO,  and 
BsOs,  and  these  are  present  in  the  proportions  represented  by  the  for- 
mula AIB3O6.  2HaO.  If  this  mode  of  interpretation  be  correct,  then 
the  mineral  from  Arizona  corresponds  approximately  to  the  formula 
aAUSiaOisAlBaOe.  2HaO  which  requires  Al203=65.2  percent;  SiO,=27.6 
per  cent;  BaOa^S.i  per  cent;  H^Os^LS  per  cent,  agreeing  quite 
closely  with  the  actual  analysis.  A  borate  of  aluminjam  corresponding 
to  the  above  formula  is,  we  believe,  not  actually  known,  and  concerning 
its  properties  nothing  can  be  predicted.  If  it  exists  it  is  certainly  re- 
markable that  it  should  withstand  the  treatment  with  hydrofluoric  acid 
which  the  dumortierite  received  during  the  process  of  purification. 

We  sae  greatly  indebted  to  Mrs.  0.  A.  Bidwell  for  the  supply  of 
material  for  investigation,  which  at  the  cost  of  much  personal  labor  she 
80  liberally  furnished. 


BalL64- 


1  Ball,  800.  Min.  de  Fnmoe,  vol.  4,  p.  6. 
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CHEMICAL  ACTION  BETWEEN  SOLIDS.* 


By  William  Hallogk. 


In  a  note  on  a  new  method  of  forming  alloys  published  some  time 
ago,' I  suggested  some  additional  experiments  which  I  intended  to 
makey.and  I  now  give  the  resnlts  thns  far  obtained.  Unfortnnatdy, 
other  work  prevents  mv  continuing  the  investigation  at  present. 

Inasmuch  as  the  method  and  principle^  seemed  well  established 
where  metals  were  used  to  produce  alloys,  an  attempt  was  made  to 
include  some  chemical  reactions  in  the  list  The  most  natural  cases 
were  the  freezing  mixtures  where  solid  reagents  are  used.  In  order  to 
surely  have  both  constituents  in  a  decidedly  solid  state  the  experiments 
were  performed  in  a  vessel  cooled  to  a  temperature  of  minus  1(P  or  12^ 
0.,  care  being  always  taken  to  leave  the  reagents  in  the  vessel  long 
enough  for  them  to  assume  a  temperature  decidedly  below  zero  Centi- 
grade. Under  these  conditions  a  crystal  of  rock  salt  (NaCl)  and  a  piece 
of  clean,  dry  ice  were  gently  brought  in  contact,  lying  side  by  side  on 
a  watch  glass.  Of  course  the  result  was  the  solution  of  salt^  but  old 
as  this  experiment  may  be,  it  appears  here  in  a  new  connection,  as  an 
example  of  the  union  of  two  solids  below  the  melting  point  of  either, 
but  above  that  of  the  product.  The  piece  of  ice  was  frozen  to  the 
glass  and  during  the  operation  the  crystal  was  drawn  several  millime- 
ters across  the  glass,  doubtless  by  capillarity,  as  the  solution  ran  out 
at  the  bottom  of  the  surface  of  contact  as  fast  as  it  formed,  the  attrac- 
tion being  sulBcient  to  move  a  crystal  several  grams  in  weight. 

Similar  experiments  were  performed  with  sodium  and  potassium, 
nitrate  potassium,  calcium  and  ammonium  chloride,  and  sodium  and 
potassium  hydrate,  with  a  similar  result  in  all  cases.  These  are  all  well 
known  results,  but  wherein  do  they  differ  from  the  new  method  of  form- 
ing alloys  f  This  question  suggests  another.  Are  the  metals  comMn- 
ing  to  form  an  alloy  in  the  new  way  a  freezing  mixture  f    A  thorough 

^  This  paper  was  read  in  part  before  the  Phil.  Soo.  of  Washington,  D.  C,  October 
13,  1688,  and  appeared  in  fhll  in  the  Am.  Jonr.  Soi.,  vol.  37, 1889,  p.  402. 

2  W.  Hallock,  Zeitsohr.  f.  Phys.  Ohem.,  toI.  2, 1888,  p.  6.  Soienoe,  toL  11, 1888,  p. 
265. 

3  O.  Lehmann,  Wiedemann  Ann.,  vol.  24, 1885,  p.  5,  suggested  the  theoretical  po*- 
sibllity  of  producing  an  alloy  in  this  way.  I  had  overlooked  his  paper  untU  recently. 
Mr.  Lehmann,  however,  evidently  did  not  consider  it  possible  to  folfiU  the  neoeaeary 
conditions  and  did  not  try  the  experiment. 
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investigation  of  the  question  wonid  require  more  complicated  ezperi- 
ments  than  I  had  time  to  perform.  One  test,  however^  is  very  simple, 
that  with  potassium  and  sodium. 

Into  a  small  porcelain  crucible  weighing  15  grams  and  containing 
about  an  equal  weight  of  petroleum  were  placed  pieces  of  the  two 
metals,  about  3  grams  of  each.  One  junction  of  a  thermo-ielement 
was  forced  into  the  piece  of  potassium  and  gave  its  temperature  accu- 
rately. After  the  whole  had  assumed  the  room  temperature,  clean 
faces  of  the  two  metals  were  brought  into  contact,  the  liquefaction  began, 
and  the  temperature  immediately  fell  It  required  about  two  hours  to 
complete  the  liquefaction  and  about  one  and  a  half  hours  to  attain  the 
minimum  of  temperature.  No  precautions  were  taken  to  prevent  the 
calorimeter  taking  up  heat  from  its  surroundings,  and,  no  doubt,  it 
absorbed  considerable  in  the  long  time,  and  yet  the  maximum  fall  in 
temperature  amounted  to  2.4^  0.,  very  lar  ge,  considering  the  small 
weigbt  of  the  reagents  compared  with  the  calorimeter.  Thus  it  appears 
tiiat  sodium  and  potassium  are,  under  such  circumstances,  a  ^^  freezing 
mixture,'^  and  analogy  at  least  would  lead  one  to  believe  that  other 
alloys  also  absorb  heat  in  their  formation;  but  future  experiment  must 
decide  the  point. 

In  the  cool  vessel  above  described  a  piece  of  sodium  or  potassium  was 
placed  upon  a  piece'of  dry  ice;  almost  instantly  the  reaction  commenced 
and  proceeded  vigorously.  It  is,  however,  scarcely  safe  to  consider 
this  a  case  of  chemical  action  between  solids,  because  the  reaction  is 
probably  as  follows :  The  vapor  from  the  ice  attacks  the  metal,  forming 
the  hydrate  which  unites  with  other  ice,  forming  a  solution,  which  is 
then  further  acted  upon  by  the  metal,  and  in  the  whole  process  heat  is 
generated  sufficient  to  raise  the  temperature  of  the  reagents  very  con- 
siderably. Perhaps  in  the  other  freezing  mixtures,  ice  and  salt,  etc.,  it 
is  the  vapor  of  the  water  or  ice  which  initiates  the  reaction. 

In  view  of  these  and  other  considerations,  the  idea  is  evident  that 
perhaps  many  substances  have  a  slight  vapor  tension  at  temperatures 
considerably  below  their  melting  points,  and  are  surrounded  by  a  thin 
atmosphere  of  their  own  vapor  over  their  clean  surfaces,  and  it  is  only 
necessary  to  bring  two  such  atmospheres  to  interpenetfation  in  order 
to  initiate  the  reaction  which  will  then  continue,  provided  the  product 
(liquid  or  gas)  escapes  easily  and  does  not  clog  the  operation.  In  very 
many  cases  substances  are  found  to  give  off  a  vapor  below  their  melt- 
ing pointy  and  it  is  natural  to  suppose  that  there  is  a  film  of  that  vapor 
over  the  surface  of  the  body,  as  there  is  a  layer  of  saturated  air  over 
water.  The  mechanical  theory  of  the  eoroposition  of  matter  lends 
plausibility  to  the  above  suggestion.  If  these  considerations  are  correct 
they  foretell  the  regelation  of  substances  like  camphor  and  ice,  without 
any  pressure  whatever.  That  loose  pieces  of  camphor  will  become 
wdded  together  by  simple  contact  is  well  known.  The  operation 
appears  to  me  thus:    In  an  irregular  mass  of  camphor  in  an  atmos- 
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phere  of  camphor  vapor,  there  is  a  constant  interchange  of  state  for  the 
molecules  at  the  surfaces  of  the  solid,  molecules  previously  solid  are 
getting  too  far  off  and  becoming  gas,  and  molecules  previously  gas  are 
beating  upon  the  solid  and  staying  there ;  thus  the  state  of  equilibrum 
is  when,  as  a  whole,  there  are  as  many  molecules  which  fly  off  and 
become  gas  as  fly  on  and  become  solid.  On  a  projecting  point  of  the 
solid  the  chances  are  in  favor  of  more  flying  off  than  on;  in  a  reentrant 
anglie  the  reverse  is  true.  Theoretically,  then,  the  piece  ought  ultimately 
to  become  a  sphere,  not  only  by  the  rounding  down  of  the  comers, 
but  by  the  building  up  of  the  flat  or  reentrant  sides.  That  the  comers 
do  round  off  all  know.  If  this  is  all  true  we  only  need  to  bring  the  two 
pieces  together  and  consider  them  as  one,  and  the  crack  between  them 
as  a  reentrant  angle,  and  the  union  is  brought  about  as  above  indi* 
cated.  If  in  the  above  the  word  liquid  be  substituted  for  vapor  or  gas, 
the  explanation  will  apply  to  the  regelation  of  ice  in  water  at  CP  0. 

We  may  go  even  further  and  predict  a  uniting  without  actual  contact, 
and  this  prediction  has  been  experimentally  demonstrated  in  the  case 
of  ice  and  water.  A  large  rough  block  of  ice  (about  15  pounds)  was 
sawed  nearly  in  two,  the  slit  washed  out  and  all  the  fine  pieces  removed. 
In  this  way  it  was  possible  to  hold  two  plane  surfaces  of  ice  parallel 
and  near  each  other  (1  to  2"")  without  danger  of  actual  contact  Into 
the  outer  edge  of  the  saw-cut  a  cotton  wick  was  pressed,  thus  isolating 
the  space  between  the  faces  from  the  outside  and  preventing  any  cur- 
rents from  circulating  through  the  crack.  The  whole  block  was  then 
placed  in  water  at  zero  and  inclosed  in  non*conducting  cases  and  left 
for  twenty-five  to  thirty  hours.  This  experiment  was  tried  three  times 
and  each  time  a  freezing  across  the  space  had  taken  place.  The  whole 
space  was  not  filled,  but  in  numerous  places,  notably  along  just  inside 
the  wicking  and  up  from  the  bottom  of  the  cut.  No  doubt  the  regela- 
tion would  have  gone  further  if  the  experiment  could  have  been  con- 
tinued longer.  The  melting  of  the  whole  block  puts  an  end  to  each 
experiment.  As  these  experiments  were  performed  in  summer  there  is 
scarcely  a  possibility  that  the  ice  was  colder  than  0°  0. 

Inasmuch  as  there  appears  to  be  an  increasing  inclination  to  r^^rd 
solutions  and  alloys  as  chemical  compounds,  it  seems  justifiable  to  speak 
of  the  action  according  to  the  alloy  law  as  chemical.  On  the  other 
hand,  there  are  some  cases  which  at  first  appear  as  chemical  action 
between  solids  which  upon  closer  investigation  can  be  explained  on  a 
simpler  assumption. 

For  example,  Mr.  W.  Spring,^  in  a  recent  paper  on  this  subject,  cites 
three  particular  cases  as  being  chemical  action  between  solids,  the 
union  of  copper  and  sulphur,  the  reaction  between  copper  and  mercnrio 
chloride,  and  between  potassium  nitrate  and  sodium  acetate. 

The  formation  of  the  sulphide  of  copper  and  other  sulphides  was  ac- 
complished by  Mr.  Spring  by  compression  of  the  elements.    But  it  is 

1 W.  Spring,  Zeitschr.  fUr  phys.  Chemie,  voL  2, 18S8,  p.  ^^jj^^i^ 
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not  even  necessary  that  the  snlphur  and  copper  be  in  contact.  I  have 
made  the  sulphide  at  ordinary  temperatures  with  the  two  an  inch  apart 
and  a  wad  of  cotton  in  the  tube  between  them.  It  is  simply  the  'capor 
of  sulphur  which  attacks  the  copper.  That  sulphur  gives  off  a  per- 
ceptible vapor  at  ordinary  temperatures,  especially  in  vacuo,  is  a  feet 
any  ouex^n  easily  demonstrate.  The  case  of  the  copper  and  mercuric 
chloride  is  precisely  the  same.  The  vapor  of  the  chloride  will  go 
through  a  whole  tube  past  cotton  wads  and  attack  the  copper,  or  color 
potassic  iodide.  Hence  we  can  scarcely  assert  that  these  reactions  are 
between  Holid  bodies.  The  reaction  between  potassium  nitrate  and 
sodium  acetate  is  equally  unconvincing.  Mr.  Spring  expected  an  in- 
terchange of  bases  and  acids  and  left  the  mixture  of  the  dry  fine 
powders  four  months  in  a  desiccator  to  give  time  for  the  exchange.  On 
removing  them  from  the  desiccator  a  deliquescence  was  noticeable  and 
he  therefore  concludes  that  the  interchange  had  taken  place,  since  the 
original  salts  do  not  easily  deliquesce ;  but  the  product  of  the  reaction 
(potassium  acetate)  does.  It  appears  to  me  thus :  The  moment  the 
powders  were  brought  to  the  air,  the  water  vapor  enters  the  operation 
and  we  have  potassium  nitrate,  water  vapor,  and  sodium  acetate,  and 
the  result  of  their  mutual  interaction  is  a  solution  of  potassium  acetate 
and  sodium  nitrate.  In  fact,  if  the  dry  i>owdered  salts  are  stirred 
together,  in  a  very  few  moments  deliquescence  begins,  showing  that 
whatever  the  reaction  it  goes  on  at  once,  and  is  a  matter  of  moments 
and  not  of  months.  Thus  even  this  experiment  in  its  present  form 
does  not  convince  us  that  a  chemical  exchange  took  place  before  the 
water  vapor  entered  the  reaction. 

The  question  of  chemical  action  between  solids  is  by  no  means  new, 
but  is  being  constantly  extended.  I  may  say  I  believe  chemical  action 
may  take  place  wherever  the  product  or  products  are  liquid  or  gaseous 
even  though  the  reagents  are  solid,  with  perhaps  the  added  condition 
that  one  or  both  the  reagents  be  soluble  in  the  liquid  produced.  If  this 
be  true  my  new  method  of  forming  alloys  is  but  a  special  case  of  the 
above  general  principle.' 


>  Experiments  endeayorlng  to  produce  carbon  disnlpbide  from  tlie  elements  at 
ordniary  temperatoree,  are  in  band  and  give  promise  of  positive  resnlts.  Also,  ex- 
periments on  the  interaction  of  potassium  nitrate  and  sodinm  acetate  have  been 
started ;  it  wUl,  however,  be  some  time  before  further  results  can  be  given. 
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THE  FLOW  OF  SOLIDS:  A  NOTE. 


By  William  Haixook. 


The  American  Journal  of  Science,  vol.  34, 1887,  p.  277,  contained  an 
abstract  of  my  paper  nnder  the  above  title,  which  appears  in  full  in 
Bulletin  55  of  the  U.  S.  Geological  Survey.  The  results  obtained  were 
so  dififerent  from  those  of  Mr.  Spring  that  I  was  led  to  a  criticism  of  hia 
work  and  seem  to  have  been  misunderstood.^ 

The  justice  of  Mr.  Spring's^  protest  against  a  part  of  my  original 
paper  I  am  glad  to  admit,  as  far  as  it  concerns  an  ill-advised  use  of 
terms,  and  a  consequent  misrepresentation  of  his  views,  of  course  en- 
tirely unintentional.  Not  realizing  that  many  were  not  so  familiar  with 
Mr.  Spring's  works  as  myself,  I  neglected  in  the  brief  paper  to  give  his 
views,  and  thus  my  deductions  from  his  results  seemed  to  represent  his 
own  conclusions. 

The  object  of  my  original  investigation^  was  a  solution  of  the  ques- 
tion whether  pressure  alone  is  capable  of  producing  true  liquefaction ; 
many  have  certainly  believed  so,  or  even  do  believe  so,  and  a  few,  at 
least,  including  myself,  saw  in  Mr.  Spring's  earlier  results  evidence  of 
such  a  possibility.  I  believe  that  to  produce  such  phenomena,  as  some 
recrystallizations,  and  diffusion,  an  increase  in  the  freedom  of  motion  of 
the  molecule,  an  increased  diffusibility,  t.  e.,  the  beginning  of  a  lique- 
faction, is  indispensable.  Hence  1  looked  upon  his  results  as  pointing 
to  a  liquefaction  by  pressure.  My  own  experiments  with  the  same  sub- 
stances and  pressures  showed  the  impossibility  of  liquefying  them  by 
pressure  and  even  brought  out  an  enormous  increase  in  the  rigidity  of 
bees-wax  and  paraffin*  under  such  pressures.  In  concluding  I  wished 
only  to  call  attention  to  the  difference  between  Mr.  Spring's  rMirfto  and 
my  own,  but  unfortunately  a  loose  and  abbreviated  quotation  caused 
the  misunderstanding,  which  I  wish  to  explain. 

Since  obtaining  my  own  results  there  seems  to  me  little  doubt  that 
many,  at  least,  of  Mr.  Spring's  effects  are  caused  rather  by  a  motion 

^The  foUowing  appeared  Id  Am.  Joar.  8oi.,  vol.  36, 1888,  p.  60. 

s  W.  Spring,  Am.  Jour.  Sci.,  vol.  35, 1888,  p.  78,  also  Boll,  de  FAoad.  R.  Belg.,ToL  14» 
1887,  p.  685. 

» VST.  Hallock,  Am.  Jour.  Sol.,  vol.  34, 1887,  p.  277. 

^  Compare  also  Ordnance  Department  Tests  of  Metals,  etc,  1884,  Government  Print* 
ing  Office,  pp.  252-254,  285-287. 
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uhder  pressure^  a  kneading,  as  it  were,  and  by  the  regrinding.  Tlie 
holders  in  which  his  compressions  were  made  were  not  tight  and  the 
most  perfect  welding^  always  took  place  at  the  sorface  of  the  block,  or 
the  corners,  or  where  the  material  w^  forced  into  the  cracks,  often 
even  while  the  center,  under  eqnal  pressure,  remained  almost  un- 
affected. My  holders  were  tight,  allowing  no  leaking  or  motion,  and 
the  substances  showed  scarcely  a  trace  of  a  welding  under  pressure. 
I  must  therefore  reiterate  that  which  I  wished  originally  to  impress, 
namely,  that  the  m^ority  of  Mr.  Spring's  results  are  not  produced  by 
simple  cubic  static  pressure. 

In  the  cases  of  chemical  action  and  the  formation  of  alldys,  I  believe 
that  the  motion  under  pressure  will  be  found  to  be  the  all  important 
foctor,  perhaps  just  as  stirring  assists  diffusion  to  completely  mix  two 
liquids.  Even  if  blocks  of  barium  sulphate  and  of  sodium,  carbonate? 
were  brought  into  actual  chemical  contact,  I  think  no  one  would  expect 
that  simple  diffusion  would  complete  the  interchange  of  bases  and  acids 
in  finite  time  so  long  as  both  substances  remained  solid  ^  nor  that  a 
piece  of  copper  and  of  tin  soldered  together  would  diffuse  and  form  a 
homogeneous  bronze ;  Jior  would  they  expect  that  simple  cubic  static 
pressure  would  promote  these  reactions ;  if  pressure  will  assist  them 
to  completion,  it  will  increase  the  diffusibility  of  solids,  increase  the 
freedom  of  motion  of  their  molecules ;  that  is,  it  will  make  them  more 
like  liquids — will  begin  to  liquefy  them. 

I  wish  to  refer  here  to  a  new  law  I  recently  proposed^  concerning  the 
formation  of  alloys,  where  the  fact  is  brought  out  that  the  melting 
point  and  liquidity  of  the  product  are  quite  as  important  as  those  of  the 
constituents  in  determining  the  possibility  of  a  reaction.  Mr.  Spring^ 
has  produced  Wood's  alloy  by  compressing  the  constituents  together, 
and  quotes  Mr.  Bomna^  as  having  failed  to  obtain  fine  platinum  wire 
by  electro  silver-plating  a  platinum  wire,  drawing  it  down  and  dissolv- 
ing off  the  silver  in  nitric  acid,  because  the  silver  and  platinum  alloyed 
under  the  pressure  of  the  draw  plate.  Messrs.  W.  &  L.  E.  Oarley,  of 
Troy,  N.  T.,  have  for  several  years  made  fine  platinum  wires  by  the 
well-known  Wollaston^  method  otcastin^g  silver  around  the  platinum  and 
treating  as  above.  In  the  note  referred  to^  I  have  described  the  pro- 
duction of  Wood's  alloy  without  pressure  at  100^  C.  of  a  tin-lead  alloy 
at  190^  O.  of  the  sodium-potassium  alloy  at  ordinary  temperatures,  etc. 
Hence  It  appears  to  me  that  pressure  alone  is  the  least  important  factor 
in  the  production  of  the  effects  obtained  in  Mr.  Spring's  investigation. 

1 W.  Spring,  Ball.  d.  PAoad.  B.  Belg. ,  toI.  49, 1880,  p.  352.    Phosphore  amorphe  et  seq. 
'  W.  Spring,  BaU.  Soc.  Chem.,  vol.  44,  1885,  p.  166. 

sW.  HaUock,  Science,  Mar.  2,  1888,  toI.  11,  p.  100;  also  Ostwald  Zeitschr.  f.  Phys. 
Chem.,  vol.  2, 18S8. 
't  W.  Spring,  Ber.  der  dentsoh.  Chem.  Gesell.,  vol.  15,  1882,  p.  595. 
•Ibid. 
•Oaaot^aJ^hyBlos,  Atkinson,  New  York,  1883,  p.  76. 
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1.  TYEOLlTE.i 


From  the  Mammoth  Mine,  Tintio  district,  Utah.    New  material,  very 
pure,  collected  and  analyzed  by  W.  F.  Hillebrand. 

CnO 45.08 

FeO 08 

CftO 6.78 

MgO 04 

HaO 17.21 

AstOj 2a58 

80. 2.83 

Insoluble 16 

100.10 
2.  GAJDOLINITE. 

From  Llano  Ooanty,  Texas.    Analyzed  by  L.  G.  Eakina.* 

SiOa 23.79 

TbCV 58 

FejO, 96 

CesOs 2.62 

(DiLa)«0, 5.22 

{TEr)«03 41.65 

FeO 12.42 

GIO 11.33 

BinO trace 

CaO 74 

MgO trace 

Alkalies trace 

H«0 1.03 

PgOs 05 


100.29 


In  the  rare  earths  from  this  mineral  the  absorption  spectram  of 
didymiam  was  strong,  and  that  of  erbium  was  weak.  The  molecular 
weight  of  the  oxide  (YEr)203  was  260. 

^  Compare  analyses  in  Bulletin  55,  p.  41. 
*  Compare  Hidden  &,  Mackintosh,  Am.  Jour.  Sci.,  Deo.,  1889. 
40 
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3.  WARWICKITE. 

From  the  well-known  locality  at  Bdenville,  Orange  County,  New 
York.  Analyzed  by  J.  B.  Whitfield,  The  material  could  not  be  com- 
pletely freed  from  an  admixture  of  spinel. 

SiOj L16 

TiOa 18.68 

FeO..... 14.23 

AlsOs 9.44 

B,03 18.96 

CaO 38 

MgO r 34.41 

M,0 2.80 

100.06 

From  this  composition  no  simple  formula  can  be  deduced ;  but  if  we 
reject  obvious  impurities,  and  throw  out  the  alumina  in  the  form  of 
spiuel,  the  residue  agrees  approximately  with  the  ratios 

TiO«  .  BaOs  .  4R"0. 

This  expression  is  not  quite  satisfactory,  and  may  need  revision. 

4.  MINERALS  AND  ROCKS  FROM  MARYLAND. 

Collected  by  Dr.  G.  H.  Williams. 

Ohrofne  tourmaline  andfuchsite. — Found  in  chrome  pits  a  mile  west 
of  Etchison  post-office,  a  little  east  of  Great  Seneca  Greek,  in  filont- 
gomery  County.  The  tourmaline  occurs  in  dark-green  needles,  with 
chromite,  and  the  mica  is  associated  with  it.  Analyses  by  T.  M.  Ohat- 
arcL 


Tonrmallne. 

Facheite. 

H*0 

8.74 

36.57 

a90 

.06 

.04 

.09 

32.58 

4.32 

.70 

.05 

trace 

.75 

9.47 

trace 

2.22 

.13 

6.77 
42.21 

SiOt 

B,0« 

F ..... 

P-0« 

TiO. 

AljO, 

84.56 
2.03 
1.03 

CpjO» 

FeAiFeO 

NiO 

MnO... 

CaO 

trace 

.47 

3.13 

MkO 

LUO 

N«jO 

.82 
9.16 

Kfi 

99.71 

100.17 

Digitized  by 


Google 


42  WASHINGTON  LABORATOEY.  Ibuil.64. 

These  minerals  are  more  fully  discassed  by  6.  H.  Williams  and  A. 
C.  Gill  in  Circular  No.  75  of  the  Johns  Hopkins  University.  In  the 
same  paper  is  described  epidote  from  the  Woodstock  granite,  of  which 
the  following  analysis  has  been  made  by  Dr.  W.  F.  Hillebrand,  on  only 
0.4473  gramme  of  material : 

SiOa 37.63 

FegCM+FeO) 15.29 

AliOa * ia40 

TiO« 3.78 

MnO 31 

CaO 23.93 

MgO 31 

P,06 44 

Ignition 2.23 

101.32 

Boohs  from  Baltiinore  County. — ^Analyses  by  J.  E.  Whitfield.  A, 
pyroxenite,  Johnny  Oake  Boad.  B,  pyroxenite,  Johnny  Oake  Boad, 
first  stage  of  alteration.  G,  pyroxenite,  Johnny  Oake  Boad^  second 
stage  of  alteration.    D,  smaragdite.  Dogwood  Boad. 


_f 


SiO,. 

so,.. 

01... 

P*0.. 

A1,0, 

Or/), 

FeA 

FeO. 

MdO. 

CaO  . 

MgO. 

Alki 

HiO 


60.80 

trace 

.24 

trace 

8.40 

.82 

L89 

&11 

.17 

12.31 

22.77 

traces 

.52 


100.03 


90.10 
trace 


none 
2L00 


2.88 
8.68 


5.06 
28.85 


4.16 


100.14 


C. 


51.04 

.19 

.16 

none 

2.53 

.60 

2.88 

0.38 

trace 

3.60 

25.07 

none 

2.82 


100.07 


^.22 

trace 

.26 


3.14 

.23 

trace 

7.05 

.11 

14.44 

20.09 

traces 

.96 


100.42 


Titaninm  was  absent  from  all  fonr. 
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Another  pyroxenite  (E),  and  a  diallage-bronzite  rook  (F),  from  the 
same  region,  were  analyzed  by  T.  M.  Ghatard. 


SiO, 

TiOt 

PfO. 

Al,Oi 

Cr,Oi 

F«,0, 

r«o 

MnO 

NiO 

CaO 

MgO 

AUaOiesCAaNftiO).. 
H,0 


s. 

F. 

43.87 

68.98 

•  It 

.16 

trace 

trace 

1.64 

L82 

.44 

.58 

8.M 

1,41 

2.00 

8.90 

.19 

.21 

trace 

trace 

8.29 

15.47 

27.82 

22.69 

.50 

nndet. 

8.72 

.92 

100.63 

100.48 

5.  SERPENTINE  AND  ITS  ASSOCUTES. 

From  Mariahy  New  York, — ^Derived  from  pyroxene.  Four  analyses  by 
Charles  Oatlett,  as  follows :  A,  serpentine  from  the  ophiolite  of  Seed's 
Quarry.  B,  ^^ dolomite''  from  the  same  rock.  G,  pyroxene  from  an 
abandoned  quarry.    D,  serpentine  derived  from  the  same  pyroxene. 


A. 

B. 

C. 

n. 

SiOi 

89.96 

L07 

8.68 

8.86 

87.61 

none 

none 

trace 

18.66 

2.00 

.09 

none 

.SO 

2.40 

6188 

41.77 

.04 

55.86 

.22 

.18 

.67 

19.58 

24.48 

trace 

42.17 

.80 

L67 

.64 

41.88 

none 

none 

trace 

18.72 

A1«0« 

TF^Sh 

FeO 

MtfO 

CaO 

CO, 

MnO  .     ...... 

H,0 

99.67 

100.17 

100.84 

99.78 

Chromium  and  nickel  sought  for,  but  absent. 

Serpentine  from  the  aqueduct  shafts  New  York  Ot^.— Analyzed  by  Mr. 
Gatlett : 

SiOs 39.92 

AlaO, 08 

Fe^Oa 60 

FeO none 

MgO 42.62 

CO, 1.64 

CaO 90 

H8Oatl05o 1.36 

Ignition 13.26 

100.18  T 
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jFVoih  Moniville^  New  Jersey. — A,  very  pale  serpentine,  somewhat  re- 
sembling dewey lite  in  appearance.  B,  mineral,  resembling  actiuolite.  O, 
brown  mica,  first  zone  above  pyroxene,  D,  yellowish  mica,  second  zone 
above  the  pyroxene.  E,  white  mica,  associated  with  pyroxene.  Analy- 
ses A  and  B^  by  L.  O.  Eakins ;  0,  D,  and  E,  by  Charles  Gatlett*  In  D 
and  E  the  ferroos  oxide  was  not  separately  estimated  for  want  of  suf- 
ficient materiaL 


CO,.... 
SiOt... 
Al^., 
Fe,0,.. 
FteO... 
MnO... 
C»0  ... 
HgO... 
N»aO.. 
KgO.... 
F 


14.73 


40.64 

174 

.81 

.28 

iraoe 

tntoe 

40.93 


100.13 


L17 


48.81 

17.41 

.71 

.50 

.14 

12.84 

10.39 

2.23 

1.80 


90.15 


&07 

.30 

80.38 

15.92 


.71> 
.80S  I 


trace 
.28 

28.85 

.62 

9.84 

.62 


100.80 
.26 


100.18 


10.88 
1.80 
82.52 
18.14 

8.30 

traoe 
L44 

20.26 
L38 
2.78 


100.50 


10.10 


80.14 
15.70 

1.68 

trao« 
5.24 

25.44 

.64 

2.06 


loaio 


Attsociates  of  serpentine  from  Haetanj  Pennsylvania. — A,  vermicalite, 
analyzed  by  0.  Catlett;  B,  tremolite^  O,  so-called  <^  nephrite."  Analy- 
ses B  and  0  by  L.  O.  Eakins. 


A. 

B. 

C. 

Si0« 

42.21 

a37 

.68 

noae 

none 

none 

84.80 

1.25 

1.34 

10.70 

6a  27 

.88 

trace 

60.29 
20.83 
traoe 

AkOi 

FeiOi 

FeO 

MnO 

.06 

U.00 

25.93 

1.25 

.42 

1.28 

.16 
6.44 
1.97 
8.41 
1.18 

CftO 

M«0 

KacO 

KdO 

HjO 

100.85 

90.40 

99.28 

All  of  the  foregoing  minerals  were  collected  by  Mr.  O.  P.  MerrilL 
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6.  GBY8ERITE8  FROM  ROTOKUA,  NEW  ZEALAND. 

Beceived  from  the  museum  at  Auckland.  Analyzed  by  J.  E.  Whit- 
field for  comparison  with  the  geyserites  of  the  Yellowstone  Park,  which 
they  closely  resemble.    Three  samples : 


1. 

2. 

3. 

SK), 

92.47 

2.54 

.79 

.15 

90.28 

8.00 

.44 

trace 

74.63 
15.59 
1.00 
trace 
.80 
1.02 
7.43 

AljOs 

CftO 

MitO 

N%0 

K,0 

Ignition 

3.99 

8.24 

99.94       99.96 

99.97 

7.  MISCELLANEOUS  ROCKS. 

Sandstone  from  Buena  Vista^  Ohio. — A  yellowish  building  stone.  Par- 
tial analysis  by  F.  W.  Clarke. 

Moistoie 3.51 

SiOa 88.37 

AlaOs+FeaOs 9.09 

MgO tTBce 

90.87 

Insoluble  in  HCl 96.47 

Soluble  FesOs 77 

Sandstone  from  near  Portsmouth^  OAio.— The  "  Peebles-Henley  ^  or 
<<  Otway''  building  stone.  Three  samples,  analyzed  by  T.  M.  Chatard. 
In  B  and  0  the  iron  was  mainly  ferrous,  though  weighed  as  Fe^Oa. 


A. 

B. 

C. 

Ignition 

1.08 

98.31 

.61 

1.46 

97.20 

1.40 

1.96 

96.83 

2.42 

InsolableinHCL... 
SolaUe 

Soluble  FejO, 

Soluble  CaO 

Soluble  If  gO 

100.00 

100.06 

100.20 

.61 
trace 
trace 

1.04 

.86 

litUe 

1.65 

.77 

trace 
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LimeiUmefrom  SUverdale^  Kansas. — Analyzed  by  Oharies  Oatlett 

SiOg 5.27 

AlgOs 1.07 

FetOs 71 

FeO 32 

CaO 50.36 

MgO 56 

Na,0 20 

KfO 10 

CO, 40.34 

SOj 07 

P«Ob 06 

HaO 78 

99.84 

M^marpkie  rock  from  Mariony  Kentuckjf.—AuBlyzeA  by  L.  6.  Eak- 
ins. 

810, 34.50 

AljOs 14.37 

FejOj 2.86 

FeO 4.46 

CaO 11.43 

MgO 21.81 

KaO 1.60 

N»,0 51 

HjO 7.14 

P«0» 77 

SOs 60 

COa 21 

100.15 

From  Pigeon  Point,  Michigan. — Analyses  by  L.  6.  Eakius.  A,  red  por- 
phyry firom  Brick  Island,  Lake  Superior,  near  Pigeon  Point  B,  green 
mottlings  from  Pigeon  Point.    Van  Rise's  rock,  No.  11908. 


A. 

a 

SiO. 

78.70 

.12 

12.87 

8.78 

.81 

.07 

.14 

.11 

4.56 

8.88 

.57 

trace 

83.27 

trace 

7.81 

1.00 

1.81 

.20 
1.50 
1.11 

.10 

2.82 

trace 

TiO, 

AI/), 

F0sOt 

FeO 

MnO 

CaO 

MgO 

KiO 

NftjO 

H,0 

p^,  .,^ 

90.84 

100.29 
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Diabase^  PenoJcee- Gogebic  Rangey  Michigan. — Analyses  by  T.  M.  Gha- 
tard.  A,  from  near  SB.  corner  of  Sec.  13,  T.  47  N.,  R.  46  W.  B,  altered 
diabase,  same  locality.  G,  altered  diabase,  Aurora  Mine,  NE.  ^  of  S  W. 
i  Sec,  T.  47  N.,  B.  47  W.    D,  feldspar  separated  from  A. 


H^,«t  rod  heat 

CO. 

P*0, -,.. 

SiOa 

TiO, 

A1,0, 

F«,0, 

Cr,0i 

PteO 

NiO 

MnO , 

BaO 

CaO 

MgO 

K.0 

Na/) 


▲. 


.15 

2.34 

.88 

.18 

47.00 

.82 

15.<I0 

3.09 

trace 

8.41 

.10 

.17 

.05 

9.00 

8.11 

.23 

2.05 


100.12 


3.12 
8.25 
L89 
.16 

46.85 
1.12 

22.62 
5.12 


1.58 

.08 

3.54 

.10 

1.25 

3.01 

2.66 

.80 


100.15 


C. 


13.54 

.38 

.14 

41.00 

8.79 

87.20 

3.21 


.30 


.08 

trace 

.28 

.02 


.07 


100.85 


I  1.19 
1.89 


51.18 


27.00 
8.19 


nndet. 


.17 


11.70 
1.92 
.41 

8.48 


100.24 


Penokee-Oogebic  rocks  from  Wisconsin. — A,  B,  0,  three  slates,  analyzed 
by  Jj.  G.  Eakins.  A,  from  Sec.  6,  T.  45  K,  R.  2  E.  B,  from  Sec.  1,  T. 
46  N.,  B.  1  E.    0,  from  Sec.  4,  T.  44  N.,  R.  2  W. 


B. 


-|- 


SiO,. 
Al^, 
FeA 
PeO. 
IfnO. 
CbO. 
MgO. 

Na/) 
LM). 
H,0. 
PA. 


58.44 

19.62 

11.38 

5.35 

trace 

.42 

1.68 

L78 

2.61 

trace 

4.07 

trace 


100.20 


59.73 

22.78 

.11 

5.98 

.09 

.58 

2.94 

3.48 

1.41 


8.28 


52.58 

20.76 

12.17 

4.08 

.21 

.30 

1.38 

4.87 

.87 

trace 

8^43 


100. 83     100. 10 
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D,  B,  F,  three  feldspars,  analyzed  by  T.  M.  Ofeatard.  D,  from  gabhro, 
center  of  Sec.  14,  T.  44  N.,  R.  4  W.  E,  F,  from  olivine  diabase,  NE.  J 
Sec  13,  T.  45  N.,  B.  1  W. 


H«O.atl05o  ... 
HtO,  At  red  heat .. 

SlOa 

AlA 

Fe/H 

FeO .'. 

ICnO 

CaO 

MgO 

K*0 

NajO 


.03 
.54 
5L99 
29.82 
1.28 
andet. 
trMce 
12.80 


2.91 


09.53 


81.86 
19.01 

2.28 
ondet 
trace 

4.12 
.81 

5.72 

4.74 


90.08 


.18 

.84 

58.15 

28.05 

1.08 

aiidet. 


.18 
8.70 

.54 
1.56 
4.70 


100.87 


Uruptive  rock  from  four  miles  southwest  of  Hot  Springs j  Arkansas.- 
Analyzed  by  L.  G.  Eakius. 

SiOa 36.40 

TiO, 42 

AlaOs WW 

FeaOa 8.27 

FeO 4.59 

CaQ 14.46 

MgO 11.44 

KaO 3.01 

NaaO 9T 

HaO 2.36 

COa 3.04 

PaOft 1.04 

99.84 

Becent  lava  from  two  miles  south  of  Mount  TrumbuUj  Arizon^k- 
Analyzed  by  L.  G.  Eakins. 

SlO» 45.30 

TiOa 2.66 

AlaO, 14.95 

FegOii 1.98 

FeO 9.32 

MnO trace 

CaO a87 

MgO a29 

KaO 1.27 

NaaO 4.27 

H«0 85 

PaOft 2.93 
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Eruptive  rock  from  Castle  Mountain^  Jfontomi.— -Analyzed  by  L.  G. 
Eakins. 

SiOa 44.66 

TiOs 1.02 

AlgOa 12.12 

FeaOa 5.81 

FeO 3.20 

MnO 21 

CaO 8.14 

MgO 8.77 

K,0 2.75 

NasO •- 4.47 

HaO 4.33 

C0« 2.19 

PsOs - 2.02 


99.69 


Mocks  from  Northern  California. — Collected  by  J,  8.  Diller.  A,  B, 
porpbyritic  rocks  from  Shasta  County ;  analyzed  by  J.  E.  Whitfield.  A, 
east  fork  of  Clear  Creek,  nine  mileH  from  French  Galch.  B,  Smith's 
Galch,  six  miles  up  Clear  Creek  from  French  Gulch. 


A. 

B. 

sio, 

06.30 

trace 

.28 

none 

.15 

17.55 

2.10 

.65 

traoe 

3.12 

.97 

5.15 

2.45 

1.25 

64.24 

.76 

.22 

.26 

.08 

18.67 

1.40 

1.96 

trace 

4.U 

1.48 

4.14 

1.71 

1.18 

TIO. 

80«^ 

Ci 

P^, 

AWQi 

FetOi 

FeO 

MnO 

CaO 

MgO...., 

Na,0 

K,0 

HjiO 

99.96 

,100.20 

BoU. 
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Cy  Dy  two  rooks  firom  three-fourths  of  a  mile  below  John  Allen's,  Dry 
Oreeky  Shasta  Goanty.  E^  from  John  Allen's.  F,  from  two  and  one-half 
miles  above  John  Allen's.    Analyses  by  Whitflel<L 


SlOb- 
TK),. 
SO... 

ci... 

P«0,. 

AMH 

FetO, 

FeO.. 

MnO. 

€•0.. 

MsO 

NftsO 

CO,.. 
H,0. 


50.10 

.70 

trftoe 

trace 

trace 

14.02 

X16 

1.42 

trace 

0.35 

1.72 

2.21 

1.40 

4.65 

2.68 


6L60 

trace 
.27 

trace 
.08 

12.15 
2.09 
3.30 

trace 
6.92 
2.83 
2.16 
1.41 
5.06 
3.10 


54.55 

trace 
.10 
.12 
.10 

10.04 
1.59 
1.16 
L53 

14.30 
1.29 
2.60 
1.68 
0.05 
LOO 


60.74 

.86 

.40 

trace 

trace 

10.25 

4.81 

6.21 

trace 

4.97 

8.60 

i.83 

.52 

2.29 

4.86 


100.45 


100.46 


100. 31     100. 48 


G,  eruptive  rock,  Great  Bend  of  Pit  Eiver.   H,  black  obsidian,  Medi- 
cine Lake,  Modoc  Gonnty;  analyses  by  L.  G.  Eakins. 


G. 

H. 

SiO* 

44.77 

.53 

.72 

17.82 

5.05 

6.90 

trace 

10.36 

8.22 

2.13 

.92 

2.64 

78.51 

.04 
14.42 

.46 

1.49 

trace 

1.26 

.33 
i.03 
4.29 

.40 

TiO, 

P-0« 

A1,0« 

FeiO. 

FeO 

MnO 

CaO 

MirO 

Ka,0 

K-O 

H,0 

100.11 

100.23 
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8.  SOILS  AND  CLAYS. 

A,  kaolin  from  Talladega,  Alabama.  B,  clay  from  Bichfield  Springs, 
New  York;  partial  analysis.  0,  D,  two  clays  from  Northamberland 
Oonnty,  Pennsylvania;  analyses  by  Charles  Oatlett. 


A. 


B. 


D. 


H«O,»tl20o*. 

HsO,  ftt  red  heat . . 

SIO, 

AI3O, 

Fe,0, ... 

CaO 

MgO 

KjO 

Na,0 


5.02 

13.48 

43.21 

87.27 

trace 

.11 

.10 

.28 

.40 


1 16. 18 

49.65 

J23.82 

6.48 
trace 
nndet. 
undet. 


[  6,28 

65.97 

20.37 

2.76 

.64 

.52 

3.32 

.05 


99.87 


96.18  I    99.90 


j  6.87 

59.16 

18.68 

10.32 

.52 

.67 

3.35 

.11 


E,  F,  G,  H,  adobe  soils.  E,jrrom  Santa  F6,  New  Mexico.  F.  Fort 
Wingate,  New  Mexico.  G,  Humboldt  City,  Nevada.  H,  Salt  Lake 
City,  Utah.    Analyses  by  L.  G.  Eakins. 


sio, 

A1,0, 

Fe,Q, 

MnO 

CaO 

MgO 

Kfi 

NajO 

CO, 

P/>6 

so, 

CI 

HaO 

Organic  matter 


E. 

F. 

G. 

H. 

66.69 

26.67 

44.64 

19.24 

14.16 

.91 

13.19 

3.26 

4.38 

.64 

5.12 

L09 

.09 

trace 

.13 

trace 

2.49 

36.40 

18.91 

38.94 

L28 

.51 

2.96 

2.75 

1.21 

trace 

1.71 

trace 

.67 

trace 

.59 

trace 

.77 

25.84 

&55 

29.57 

.29 

.78 

.94 

.23 

.41 

.82 

.64 

.63 

.34 

.07 

.14 

.U 

4.94 

2.26 

3.89 

L67 

2.00 

5.10 

3.43 

2.96 

99.72 

99.97 

99.84 

100.35 

9.  ORES  OF  IRON  AND  MANGANESE. 

Manganese  ore,  Powell's  Fort,  east  end  of  Massanntten  Mountain. 
Warren  County,  Virginia.    Analysis  by  Charles  Catlett. 

SiOa 9.20 

Fe 3.07 

Mn 4«.r>9 

P 349 
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Iron  and  manganese  ores,  Montebello,  ll'elson  Ooonty,  Yirginia. 
Analyses  by  Oatlett. 


Iron. 

MftogaQMO. 

810, 

F^ 

Mn 

P 

10.47 
ftl.lO 
.66 
.152 

1.08 

2.60 

46.99 

.464 

.21 

8 

Ores  from  Rockbridge  Goanty,  Yirginia;  analyzed  by  T.  M.  Gbatard. 
Ay  top  of  hill  above  Hart's  Bottom,  oneand  three- fourths  miles  sonthwest 
of  Green  Forest  Station,  near  Locklaud  Station.  B,  Moorman  Qaarry, 
Green  Forest.  G,  new  opening,  No.  2,  Buena  Vista.  D,  opening,  No.  3, 
40-foot  vein,  Buena  Vista.  E,  Ghalk  Mine  Branch.  F,  Old  Colonial 
opening,  Buena  Vista. 


A. 

B. 

C. 

D. 

E. 

F. 

HiO.lOSP 

Iniolable 

SolableAkO.... 
TiO« 

.72 

20.40 

.  1.67 

.16 

8.11 

.15 
18.47 

76.19 

.39 

22.55 

.37 

66.58 
.27 
.22 

.60 
16.60 
L81 

71.16 

.45 

8.05 

.46 

7a  24 

.48 
5.43 

82.15 

f^jQ. 

KIO 

MnO. 

63.91 
.23 
.32 
.50 

.45 

.U 

.00 

.19 

BaO 

SOt 

.14 
.26 

.09 
.42 

.37 
.50 

traoe 
.88 

.08 
1.04 

p^g 

Fe 

2.18 

41.59 

.22 

.12 

53.33 

46.60 

49.81 

54.70 

57.50 

Mn 

P 

.11 
.06 

........ 

.18 
.03 

.28 
.14 

.88 

.45 

.02 

s 

Two  manganese  ores.     Gripple  Creek,  eight  miles  from  Wytheville, 
Virginia.    Analyses  by  G.  Catlett. 


1. 

2. 

sio, 

47.80 

2.72 

24.85 

.05 

trace 

27.80 
3.01 

32.55 
.097 
.030 

Fe 

Mn 

p 

S 

Iron  ore  from  Shanghai,  West  Virginia.    Analyzed  by  G.  Catlett. 

SiOa 45.24 

Fe 96.0S 

Mn 43 
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Two  iron  'ores  from  JCentacky ;  analyzed  by  J.  E.  Whitfield.  A, 
Glover])ort  Road,  two  miles  north  of  Fordsville,  Ohio  County.  B,  north 
slope  of  Pine  Mountain,  three  miles  east  of  Pineville,  Bell  Ooanty. 


B. 


SiO,.... 
TiO,.... 

ci 

80, 

p,o...:. 

AM),... 

PeA... 
PeO.... 
MnO.... 
CaO  .... 

MgO.... 
Ignition 

Pe 

P 

S 


35.67 

trace 

trace 

.42 

1.42 

6.15 

42.31 

.85 

.84 

1.90 

L07 

0.69 


17.28 
trace 


.35 

68.24 

trace 

.95 

.83 

.93 

11.60 


99.82 


100.57 


29.86 
.71 
.16 


47.77 


.15 


Iron  ore.  Douglass  Mine,  Clinton  Horizon,  one  mile  west  of  Big 
Greek  Gap,  Campbell  County,  Tennessee.  Analyzed  by  W.  F.  Hille- 
brand. 

SiOa 10.51 

Fe 54.29 

Mn 20 

P 355 

8 043 

Two  iron  ores ;  analyzed  by  C.  Catlett.  A,  from  Edgefield  County, 
South  Carolina.  B,  north  part  of  Howard  County,  Arkansas. 


A. 

B. 

SlOi 

9.40 
62.40 

trace 
.664 
.08 

28.10 
29.67 
2.19 
.488 
.04 

Fto 

Mn 

«u>    ............. 

p 

8 
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10.  COAL  AND  COKE. 

Three  coals.  Eaccooa  Fork  of  Cabin  Creek,  Kanawha  County,  West 
Virginia.    Analyzed  by  E.  L.  Howard. 


1 

1 

1. 

2. 

8. 

Hoistore 

1.93                  2.15 
87.09                 23.95 
67.90                 61.86 

3.08                 12.06 

1.67 
41.36 
63.22 

8.75 

Volatile  matter... 

Fixed  carbon 

Ash 

Snlphar 

100.00        1        100.00 

100.00 

.62 
dirty  white 

.46 
light  gray 

.80 
reddish 

Agh 

Coal  and  coke.    Davis  Mine  No.  1,  hear  North  Fork  of  Blackwater, 
Tucker  County,  West  Virginia.    Analyzed  by  Charles  Catlett. 


Coal. 

Coke. 

Moisture 

.80 

26.84 

67.18 

6.18 

.18 

1.49 

90.60 

7.73 

Volatile  matter... 

Fixed  carbon 

Ash 

Sniphnr 

100.00 

100.00 

1.68 
very  light  red 

.771 
light  red 

Ash 

Five  coals.  Campbell  County,  Tennessee;  A,  B,  C  analyzed  by  W.  F. 
Hillebrand;  D,  E  by  Charles  Catlett.  A,  Douglass  Bank,  Middle  Fork 
of  Big  Creek,  one  and  one  half  miles  from  Gap,  lower  coal-measures* 
B,  Walnut  Mountain,  head  of  Hickory  Creek,  Clear  Fork  of  Cumber- 
land River,  2,850  feet  above  sea-level,  upper  coal-measures.  C,  Middle 
Fork  of  Big  Creek,  lower  coal-measures.  D,  East  Fork  of  Big  Creek. 
B,  Middle  Fork  of  Big  Creek,  three  miles  from  Big  Creek  Gap. 


A. 

B. 

c. 

D. 

E. 

Moistare 

1.40 
39.00 
63.30 

6.21 

2.95 
3a  51 
65.42 

3.12 

1.11 
35.69 
23.99 
89.31 

1.70 
39.41 
56.36 

3.68 

7.60 
34.89 
53.14 

4.87 

Volatile  matter... 

Fixed  carbon 

Ash 

s 

100.00 

100.00 

100.00 

100.00 

100.00 

1.53 
.041 

.87 

2.78 

L07 

.64 

y 

A  rough  test  on  C  showed  that  one  ton  of  coal  should  yield  40,000 
cubic  feet  of  gas. 
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Also  two  cokes,  analyzed  by  C.  Catlett.  F,  Walnut  Mountain,  Hickory 
Creek.    G,  from  Sharp  coal,  Left  Fork  of  Big  Creek. 


F. 

G. 

Moittnre 

.20 

2.01 

86.56 

12.23 

.50 

1.95 

91.71 

6.84 

Volatile  matter.. . 

Fixed  carbon 

A»h 

S 

100.00 

100.00 

.880 
.040 

.706 
undet. 

P 

Thirty-two  coals  from  Gunnison  County,  Colorado.  Collected  by  G.  H. 
£ldridge,  and  analyzed  by  L.  G.  Eakins. 
From  Anthracite  Creek  Mines. 

Moisture 3.95 

Volatile  matter 4.65 

Fixed  carbon 82.34 

Ash : 9.06 

100.00 

S 63 

P.  in  ash 07 

Specific  gravity 1.644—24.40 

Ash,  light  red ;  no  coke. 

From  Green  Mountain,  Denver  Beds. 

Moistare .' I...    8.91 

Volatile  matter 46.16 

Fixed  carbon 44.46 

Ash 47 

100.00 

S 47 

Specific  gravity 1.381— 22. 5<^ 

Ash,  light  red;  coke  moderately  coherent 
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Prom  Ohio  Creek  Mines^  Nos,  1  to  11. 


[at;u.61 


1. 

2. 

3. 

4. 

6. 

MoiBtnre 

7.89 
80.43 
47.83 

5.86 

a46 
88.01 
46.68 

6.85 

8.26 
89.96 
46.86 

5.42 

1.61 
13.05 
80.29 

5.05 

1.34 
80.25 
62.38 

6.63 

Volatile  matter 

Fixed  earbon 

Aah 

S 

100.00 

100.00 

100.00 

100.00 

100.06 

1.47 

.76 

.68 

.06 

1.831,  26P 

light  red 

cokes  slightly 

.60 

.44 

.07 
1.825.  220 

red 

firm,  solid 

p.iDash 

Specific  gravity 

1.828,230 
reddish  gray — 
fairly  coherent 

1.834,  21.60 
Ugbtred...... 

cokes  sUghUy 

1.407,230 

.   red 

.   none 

Ash 

Coke 

' 

7. 

8. 

9. 

10. 

11. 

Moistnre 

Volatile  matter. 
Fixed  carbon... 
Ash 

ex 

40.92 
4&85 
6.45 

6.87 
38.06 
48.75 

5.82 

6.39 
39.26 
48.41 

6.<M 

1.07 
26.22 
68.86 

4.35 

L83 
26.65 

68.27 
8.85 

.81 
0.96 
8133 
6.90 

s 

00 

100.00 

100.00 

100 

loaoo 

100.00 

lUt.UO 

.47 

.46 

.46 

.03 

1.337,280 

red 

.60 

.05 

1.819,  220 

red 

fWr 

.61 

1.817,220 

red 

fidr 

1.06 

P.  In  Mb  

Specific  gravity. 
Aah 

1.334.210 
reddieh  yeUow 
fair. 

L845,  21.60 
reddish  yellow.. 

sliirhtl  V  C^h  ArAnt 

1.426,  28  8P 
pinkish  gray. 
nfMiA 

Coke 

fair 

1 

From  Slate  Creek  Mines,  Nos.  12  to  21. 


11 

13. 

14. 

15. 

16. 

Moisture 

1.29 

7.92 

85.71 

5.08 

1.36 

7.53 

85.49 

5.62 

1.88 

6.68 

86.25 

5.21 

1.35 
6.59 
7184 
19.72 

1.30 

7.65 

80.44 

10.71 

Volatile  matter 

Fixed  carbon 

Ash 

8 

100.00 

100.00 

100.00 

1U6.00 

100.00 

.67 

.54 

.06 

1.440. 21.80 

red 

none 

.60 

.03 

1.465,96.40 

red 

none 

.66 
1.481, 23'.20 

ip»y 

none 

.58 

.32 

1.502,22.80 

Ugbtred.. 

none 

P.inash 

Specific  gravity 

Ash 

1.428,23.40 
red  .... 

Coke 

none 

17. 

18. 

19. 

20. 

2L 

Hoistore 

1.58 

6.70 

87.46 

4.26 

1.22 
8.46 
84.20 
6.12 

1.27 
7.99 
87.24 
8.50 

.88 

14.19 

BLS9 

8.60 

.81 
18.40 
81.26 
4.53 

VoUtile  matter... 

Fixed  carbon 

Ash 

8 

100.00 

100.00 

100.00 

10  J.  00 

100.00 

.58 

.76 

.62 

Kk 

.61 

P.inash  

none.. 

Specific  gravity. . . 
Ash 

1.455, 
red. 
none 

22.80 

1.409,220 
red    ... 
none 

1.409,23.80 
red 

1.31 
light  rc^ 

SO,  20.40 

Ml 

re( 

col 

1.871,20^ 
1    

Coke 

cokes  t)<<'***iv 

^esslightiy. 

••■»—— J  • 
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22. 

23. 

24. 

25. 

Moiitow 

1.88 
87.12 
57.78 

8.70 

1.47 
8&09 
68.88 

3.78 

1.04 
41.07 
61.48 

6.61 

2.36 
40.82 
50.40 

8.33 

Volfttile  matter 

Fixed  carbon 

Aih ,--- 

S -^ 

100.00 

100.00 

100.00 

100.00 

.40 

.47 

.07 

1.278,  210 

light  red.. 

good 

.88 
trace 

1.04 

p.  inaah 

Specific  Kravity 

Aeh 

.... 

1.288.  22.60 
light  red... 
200d 

1.311,  21.10 

red 

HOOd 

1.332,  220 

red 

good 

Coke 

28. 

27. 

28. 

20. 

30. 

Molatoie 

Volatile  matter. 
Fixed  carbon... 
Ash 

1.88 
88L51 
Si.  42 

i.19 

2.09 
4L74 
52.07 

4  10 

1.78 
42.00 
5L07 

4.27 

8.05 
87.17 
62.84 

8.54 

4.83 
87.88 
5L86 

6.88 

8 

100.00 

lUO.UO 

100.00 

106.00 

100. 00 

.83 

.«l  !                 .75 

.      ,    •" 

.88 

P.inath 

in 
L2 
re< 

gO( 

ice  ....'.. 

Spedfiograyity. 

Aah 

Coke 

1.288,24.80 

red.. 

good.soUd 

«»,  28.80 
1 

Dd 

1.288,  20O 
light  red., 
food 

rei 
ha 

1.828,  22.40 
i 

1.840,  21.20 

red 

fair 

rd,  compact 

11.  ANALYSES  OF  WATERS. 


Analyzed  by  T.  M.  Ghatard. 
north  of  Fraukfort,  Kentucky. 
.99984,  220. 


A,  from  the  Murray  Well,  one  mile 
Slight  odor  of  H2S.    Specific  gravity. 


8i0t. 
Fe... 
Ca... 
Sr!.. 
Mg., 


Ka 

Id 

SO4 

CI 

CQt 

GO|,free 

NHt 

H,  in  bicarhonates 


Found, 
grammes 
I>er  liter. 


.0006 
.0014 
.0213 
.0122 
.0188 
.0207 
.4804 
trace 
.1873 
.5218 
.2829 
.0172 
.0015 
.0040 


1.6701 


Percent, 
of  total 
contenta. 


.81 
.08 
1.86 
.71 
1.20 
1.81 
29.86 


11.03 
38.23 
18.74 
1.09 
.00 
.81 


100.00 


Comblna. 
tion. 


CO, 

NHj 

KCl 

NaCl 

Na,S04... 
FeH/;/)c. 
CaHtdOc. 
SrHsCsOcf 
MgH/5,0. 
NaHCO,.. 
SiO, 


.0172 
.0015 
.0896 
.8287 
.2770 
.0045 
.0882 
.0260 
.1150 
.1839 
.0098 


1.6701 


The  strontium  is  doubtful,  and  may  be  only  a  strong  trace. 
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B,  spring  water  from  Moantain  City,  Tennessee.    Statement  like  the 
preceding. 


Found. 


Percent, 
of  total 


Combinft- 
tion. 


SIO, 

Fe 

Al 

Cm 

Mg 

Na 

K..... 

a 

SO4 

00, 

H,  biewbonateB 


.0210 
.0008 
traoe 
.0110 
.0018 
.0046 
.0032 
.0012 
.0182 
.0440 


.1030 


21.20 
.78 


1L20 

1.75 

4.47 

3.U 

tl6 

12.81 

4St.72 

.68 


100.00 


SIO, 

FeHAO,. 
CaHxCjO,. 
MgH,C,0, 
C11SO4.... 
Na,S04  .. 
K.SO4.... 
KCl 


.0219 
.0020 
.0448 
.0110 
.0018 
.0142 
.0042 
.0025 


.1030 


G,  the  Grace  Spring,  seven  miles  north  of  Moantain  City,  Tennessee, 
on  the  road  to  Abingdon,  Virginia,  near  Laurel  Bloomery  post-ofBiee. 
Specific  gravity,  1.00038,  I8.60. 


810, 

Fe 

C» 

Mg 

K 

Na.... 

01 

SO4 

CO,....: 

H,  bloarbonates. 


Foand. 


.0125 
trace 
.2834 
.0580 
.0046 
.0047 
.0011 
.6997 
.1329 
.0022 


1.1491 


Percent 
oftotaL 


LOO 


20.31 

6.05 

.40 

.41 

.09 

60.89 

11.67 

.19 


100.00 


Combina- 
tion. 


BK), , 

KCi 

K,S04  ... 
Na,S04.. 
MgS04... 
CaS04  ... 
CaH,C,0, 


.0126 
.0028 
.0075 
.0145 
.2900 
.6429 
.1794 


L1491 
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Dy  drinking  water,  Savanuab,  (Georgia.    Stated  in  grammes  per  liter. 


Found. 


Combina- 

tiOQ. 


Snapended  mfttter  (organic) . . 
Suspended  matter  (inorganic) 

sK)t ;.. 

AlA.FeaO. 

Ca ^ 

Mg ...... 

Na 

CI 

SO4 

CO, 

NH8,ftee 

NH,,  albuminoid 

H,  bioarbonates 


.0020 
.0005 
.0924 
.0006 
.0279 
.0065 
.0076 
.0061 
.0081 
.1262 
trace 
none 
.0020 


Saspended  matter 

SiO, 

AljOftTcO, 

NaCl 

Na,S04 

CaHsC^ 

MgHtCO. 


.0025 
.0624 
.0006 
.0097 
.0120 
.1129 
.0517 


.2516 


.2518 


'Ej  two  artesian  well  waters  from  St.  Angastine,  Florida,    (a) 
inch  weU. 


SIX- 


Found. 

Percent 
of  total 

Combina. 
tion. 

SiOi 

.0037 
.0224 
.0005 
.1276 
.0726 
.0081 
.2743 
.0147 
.5469 
.3253 
.1650 
.0027 

.24 

1.43 

.03 

a  16 

4.64 

.52 

17.64 

.94 

34.97 

20.81 

10.55 

.17 

Snapended  matter. 
SiO, 

.0037 
.0224 
.0005 
.6079 
.0281 
.1470 
.0170 
.4338 
.0127 
.2007 
none. 

AUOj 

Al/)t 

Ca 

NaCn   

Ma 

KCl 

Sr 

MeCa. 

Na 

SrS04 

K 

CaSOj 

CI 

MeSOi 

SO4 

MgHiCA 

CaTTi/V). 

CO, 

H,bicarbon8tea... 

1.5638 

100.00 

1.5638 
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(b)  twelve-inch  welL 


Found. 

Percent 
of  total. 

.0016 

.05 

.0280 

.88 

.0012 

.04 

.1755 

5.50 

.1160 

3.64 

.0089 

.28 

.7695 

24.12 

.0248 

.77 

1.4750 

46.22 

.8421 

10.73 

.2442 

7.64 

.0041 

.18 

3.1909 

100.00 

Combina- 
tion. 


Sotpended  matter . 

SiO, 

A1,0, 

Ca 

M« 

Sr 

Na 

K  

CI 

8O4 

CO, 

H,bioaibonatet... 


Sospeoded  matter . 

8l<t 

A1,0, 

NaCl 

Ka 

Mitbl. 

SrSOi 

CaS04 

Mg804 

MrH,C,0. 

CaHtCA 


.0016 
.0280 
.0012 
:.»577 
0175 
.3534 
.0186 
.4700 


.1621 
.1499 


3.1909 


F,  from  well  fonr  miles  northwest  of  Clinton,  Hinds  County,  Misais- 
Bippi.    No  carbonates  present. 


Found. 

Percent 
of  total. 

Combfna- 

UOD. 

SlOt 

.0028 
.0750 
.0077 
trace 
.0081 
.0010 
.1980 
.0739 
.1234 
.0088 
.0852 
.0724 

.18 

4.82 

.40 

Satpended  matter. 
SiO, 

.0028 
.0750 
.0077 
.0504 
.0028 
.6732 
.3695 
.2519 
.1068 
.0167 

Al^ 

AUQ, 

fWOi 

A1,(S04), 

Alintalphate.... 
Mn 

.52 
.06  1 
12.72 

4.78J 

7.92 

.56 

63.30 

4.65 

Mn804 

Ca804  

Ca 

Mff 

MKSO4 

Na,S04 

Ka 

NaCl 

K 

KCl.; 

SO* 

a 

L6563 

100.00 

1.6663 
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The  imbUoatioiM  of  til*  Unltod  Stetet  Geologioal  Surrey  are  iseoed  In  eeoordttiae  with  the  atatate 
KpptareA  liarch  8, 1879,  which  deoleree  that— 

**  The  pablioationa  ef  the  Oeologioal  Snirey  ehaU  oonaist  of  the  annoal  report  of  operations,  geological 
and  economic  maipB  illnatrating  the  reaovroee  and  daaaiiication  of  the  lands  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
ahall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  AH  special  memoirs  and  reports 
of  said  Surrey  shall  be  issued  in  uniform  quarto  series  if  deemed  necesaary  by  the  Director,  but  others 
wise  in  ordinary  octaTOS.  Three  thousand  copies  of  each  shall  be  published  for  soientiflc  exchanges 
and  fbr  aale  at  the  priee  of  publication ;  and  all  literary  and  cartographic  materials  receiyed  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization ;  and  the 
money  resulting  from  the  sale  of  such  publications  shall  be  coTcred  into  the  Treasury  of  the  United 


On  July  7, 1382,  the  following  Joint  resolution,  referring  to  all  Goyemment  publications,  was  passed 
I7  Congress: 

**  That  whencTer  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
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ne  eopiea  for  gratuitous  distribution. 
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Dbpaetment  op  the  Interior, 

U.  S.  Geological  Survey, 

Appalachian  Division, 
Morgantowny  W,  Fa.,  July  15, 1890. 
Sm:  I  have  the  honor  to  transmit  herewith  the  resalts  of  my  stady 
of  the  stratigraphy  of  the  bitaminoas  coal  rocks  in  the  northern  half 
of  the  Appalachian  field. 

As  stated  in  the  body  of  this  report,  it  can  not  be  expected  that  this 
first  attempt  to  correlate  the  different  beds  of  coal,  limestone,  and  sand- 
stone over  snch  a  wide  area  will  be  free  from  error,  but  it  represents 
my  best  efforts  to  harmonize  the  strata  of  the  several  regions.  No 
one  knows  better  than  1  that  many  of  the  identifications  suggested  are 
largely  preliminary,  and  I  not  only  expect  but  request  the  friendly 
criticism  of  my  brother  geologists,  knowing  that  all  will  be  pleased 
when  the  correct  order  of  these  interesting  deposits  shall  be  finally 
determined. 

Many  questions  of  great  geological  interest  have  not  been  discussed 
iu  this  report,  for  the  reason  that  I  thought  it  best  to  postpone  their 
treatment  until  some  one  should  have  done  for  the  southern  half  of  the 
Appalachian  coal  field  what  I  have  attempted  for  the  northern  half, 
since  the  field  is  a  unit  from  Pennsylvania  to  Alabama,  and  in  the  dis- 
cussion should  be  treated  as  such. 

It  is  hardly  necessary  to  say  that  the  accompanying  map  is  not  pre- 
sented with  any  claim  for  accuracy  as  to  details,  but  only  to  show  in  a 
rough  way  the  general  distribution  of  the  different  members,  and  with 
the  hope  that  it  may  prove  of  some  service  in  the  preparation  of  a  cor- 
rect map  of  these  several  series  when  the  Survey  shall  have  extended 
rts  topographic  work  over  the  entire  region. 

Very  respectfully,  your  obedient  servant, 

I.  C.  White. 
Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey^  Washingtonj  D.  C 
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STRATIGRAPHY  OF  THE  BITUMINOUS  COAL  FIELD 
IN  PENNSYLVANIA,  OHIO,  AND  WEST  VIRGINIA. 


By  L  C,  White. 


CHAPTER   I. 

AREA,  STRUCTURE,  AND  CLASSIFICATION. 

The  Appalachian  Basin  contains  the  largest  continnons  coal  field  of 
any  Carboniferous  area.  Beginning  near  the  northern  line  of  Pennsyl- 
vania, latitude  42^,  longitude  77o,  it  extends  southwestward  through 
West  Virginia,  southeastern  Ohio,  eastern  Kentucky,  and  central  Ten- 
nessee, ending  in  Trestern  Alabama,  latitude  33^,  longitude  88^,  900 
miles  from  its  northern  terminus. 

The  shape  of  the  field  has  been  compared  to  that  of  a  rude  canoe, 
the  pointed  ends  being  in  Pennsylvania  and  Alabama,  respectively,  while 
the  broadest  portion  lies  in  southern  West  Virginia  and  Ohio. 

As  is  well  known,  the  general  structure  of  the  field  is  that  of  a  great 
trough  or  basin,  the  line  of  greatest  depth  leaving  Pennsylvania  near 
its  southwest  corner,  and  passing  down  through  West  Virginia  rudely 
parallel  to  the  Ohio  Eiver,  to  enter  Kentucky  10  miles  above  the  mouth 
of  the  Big  Sandy  Eiver.  This  general  trough  or  geo-syncline  is  itself 
traversed,  especially  in  its  northeastern  portion,  by  a  series  of  flexures, 
which,  although  so  gentle  along  the  region  west  of  the  center  of  the 
field  as  to  be  recognizable  with  difficulty,  yet  eastward  thereof  they 
increase  in  amplitude  until  the  great  folds  of  the  Alleghany  Mountains 
become  a  part  of  the  system. 

The  map  sections  shown  on  Pis.  X  and  XI,  crossing  the  Appalachian 
field  nearly  normal  to  the  strike,  will  give  the  reader  a  good  idea  of  the 
structure*  of  the  northern  half  of  this  field  at  the  localities  Indicated  on 
the  map  (PI.  I),  and  they  also  show  how  the  folds  which  are  so  promi- 
nent at  the  northeast  gradually  die  out  toward  the  southwest,  so  that 
in  the  region  of  the  Great  Kanawha  River  they  almost  disappear.  This 
flattening  out  of  the  flexures  in  southern  West  Virginia  has  been 
ascribed  by  Professors  Fontaine  and  Stevenson  to  the  development  of 
i,lie  great  system  of  faults  along  the  southeastern  margin  of  the  coal  field 
J31  the  edge  of  Virginia,  which  relieved  the  tension  on  the  rocks  over 
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the  adjoining  portion  of  the  Appalachian  field  and  thus  prevented  their 
folding  as  in  Pennsylvania  and  northern  West  Virginia.  These  anti- 
clinal and  synclioal  folds  so  well  developed  at  the  north  are  nearly  par- 
allel to  the  Alleghany  Mountains,  but  as  they  begin  to  die  a\ray  in 
central  West  Virginia  a  large  anticline  (the  Volcano)  rnns  nearly  north 
and  south  diagonally  across  the  general  strike  of  the  beds. 

There  are  probably  other  folds  in  the  southwestern  part  of  West  Vir- 
ginia, which,  like  the  Volcano  anticline,  run  contrary  to  the  usual  direc- 
tion, but  they  have  not  been  traced  out  with  sufficient  care  to  warrant 
description. 

The  distribution  of  the  different  geological  groups  on  the  accompany- 
ing map  will  serve  to  show  the  general  position  and  direction  of  the 
principal  anticlines,  but  the  topographic  base  of  the  map  is  so  inaccu- 
rate that  it  was  thought  best  not  to  attempt  to  put  in  the  anticlinal 
lines  of  the  region  described  till  the  Survey  should  have  completed  the 
regular  topographical  map. 

In  this  connection  it  should  be  stated  that  this  map  is  not  presented 
with  any  claims  for  accuracy  in  detail,  but  simply  to  show  the  general 
distribution  of  the  Carboniferous  system. 

The  portion  of  the  Appalachian  region  herein  described  includes  only 
the  bituminous  coal  fields  of  Pennsylvania,  Ohio,  and  West  Virginia. 

The  Pennsylvania  and  Virginity  geologists,  led  by  the  two  illustrious 
Bogers  brothers,  long  ago  discovered  that  the  main  coal-bearing  portion 
of  the  Carboniferous  system  could  be  naturally  subdivided  into  five 
series.  This  generalization  was  founded  upon  a  careful  study  of  the 
rocks  over  a  wide  area,  and  the  subsequent  work  of  other  geologists  has 
fully  established  its  general  truthfulness  to  nature  as  well  as  its  great 
usefulness  in  stratigraphio  geology. 

The  more  detailed  and  minute  studies  of  recent  years,  rendered 
possible  by  vast  mining  developments,  have  only  modified  the  Rogers 
classification,  and  hence  it  has  become  so  thoroughly  ingrafted  into 
geological  nomenclature  and  so  familiar  to  the  minds  of  practical  coal 
operators  that  it  would  be  very  unwise  to  make^ny  radical  changes  in  it. 
It  is  true  that  in  minor  details  the  original  nomenclature  for  some  of 
these  series  was  misleading,  but  this  does  not  materially  afifect  the  errand 
truths  expressed  in  the  general  framework  of  the  classification,  and 
hence  it  has  been  deemed  best  to  modify  and  supplement  this  time- 
honored  work,  rather  than  to  destroy  it  and  cast  it  away,  as  has  recenUj 
be«n  suggested  by  some  geologists. 

The  classification  adopted  in  this  report  attempts  to  preserve  what^ 
ever  of  the  old  nomenclature  has  been  found  useful  and  helpful  to 
geologists,  while  at  the  same  time  such  new  features  are  introduced  as 
seem  necessary  firom  our  wider  and  more  intimate  knowledge  of  these 
rocks. 

The  entire  Carboniferous  system  of  the  Appalachian  region  subdivides 
ijatiirally  into  tbre^  grand  divisiows  founded  upon  conditions  of  accu^ 
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mulation,  and  these  in  tarn  split  ap  into  eight  minor  series,  as  exhibited 
in  the  following  scheme : 


Carbon  IFKBOUB 

8T6TKM , 


DiviaioDs. 


T7pi>er:  flresband 
brackish  water 
deposits. 


Middle:  shore  de- 
posits, with  in- 
cursions of  the 


Lower:  marine 
deposita. 


Series. 


Permo-CarboniferoQS,  No.  XVI,  Dunkard  Creek  Series. 


Upper  Coal  Measares,  No.  XV,  Monongahela  River  Serie.^. 

Upper  half. 


Barren  Measares.  No.  XIV,  Elk  River  Series. 


Lower  half. 


Ix)wer  Coal  Measares,  No.  XIII,  Allegheny  River  Series. 


Pottsville  Conglomerate  Measares,  "Great,"  "Serai,"  No.  XII, 
Conglomerate,  etc. 


Maach  Chunk  Rod  Shale.  Umbral  Red  Shale.         ) 
Mountain  Limestone,  Umbral  Limestone,  Green-  >  No.  XL 
brier,  etc.  ) 


Pocono  Sandstone,  Vespertine,  No.  X,  "Big  Injan  'oil  sand,  etc. 


As  i¥ill  be  seen  from  the  foregoing  diagram,  the  line  between  tbe 
Middle  and  Upper  Carboniferons  deposits  passes  directly  through  the 
center  of  the  Elk  Eiver  series.  This  is  due  to  the  fact  that  mariue 
conditions  ceased,  never  to  return,  with  the  deposition  of  the  Criuoidal 
limestone  and  its  associated  beds,  midway  in  the  Barren  Measures, 
thus  separating  them  into  two  divisions  which  are  of  almost  equal  thick- 
ness, the  lower  one  abounding  in  mariue  life,  while  the  upper  has  nothing 
but  fresh  or  brackish  water  forms.  The  change  in  this  respect  is  great 
enough  to  warrant  the  separation  of  the  Barrens  into  two  series,  but  as 
the  lithological  differences  at  the  line  of  separation  are  very  meager,  it 
is  deemed  best  to  keep  these  rocks  a  unit  as  in  the  Rogers  nomenclature. 

This  report  deals  only  with  the  Middle  and  Upper  Carboniferous  of 
the  above  table,  and  the  five  series  into  which  they  are  subdivided  will 
now  be  described  in  detail,  beginning  with  the  highest. 

The  discussion  of  many  interesting  questions  connected  with  Carbon- 
iferons geology  is  necessarily  postponed  until  the  rest  or  southern  half 
of  the  Appalachian  coal  field  has  been  carefully  studied  as  a  whole. 
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CHAPTER   II. 

THE  PERMO-CARBONIPBROUS  OR  DUNKARD  CREEK  SERIES. 

THICKNESS,  CHABAGTEB)  AND  EXTENT. 

The  rooks  of  this  series  (Upper  Barren  Measures,  No.  XVI)  begin  with 
the  roof  shales  of  the  Waynesbarg  coal  and  extend  apward  to  the  top- 
most beds  of  the  Appalachian  region. 

How  many  feet  of  deposits  erosion  has  removed  above  the  highest 
remaining  beds  we  can  only  conjecture.  However,  if  the  soft  and  easily 
yielding  character  of  the  rocks  which  have  escaped  disintegration  can 
be  taken  as  a  criterion  for  those  that  have  wasted  away,  the  thickness 
of  the  latter  must  be  reckoned  by  the  thonsand  and  probably  by  the 
10,000  feet. 

Several  independent  measarements  from  the  highest  accessible  sam- 
mits  foot  ap  a  little  more  than  1,150  feet  for  the  thickness  of  the  series 
and  it  is  certain  that  no  other  localities  could  exceed  this  by  more  than 
100  feet. 

The  uppermost  beds  are  found  at  the  headwaters  of  Dunkard  Creek, 
a  large  stream  which  heads  near  the  West  Virginia-Pennsylvania  line, 
on  the  eastern  slope  of  the  watershed  separating  the  Ohio  and  MonoQ- 
gahela  River  drainage  system,  and  flowing  eastward  puts  into  the 
Monongahela  two  miles  above  Greensboro,  Greene  County,  Pennsyl- 
vania, and  four  miles  north  from  the  West  Virginia  line.  This  stream 
flows  over  Permo- Carboniferous  rocks  from  its  source  to  the  point  at 
which  it  leaves  the  West  Virginia  line  at  Mount  Morris,  Pennsylvania, 
a  distance  of  more  than  thirty  miles,  furnishing  very  fine  exposures  of 
these  rocks  along  its  banks  and  bluffs;  hence  the  geographical  name 
(Dunkard  Creek)  which  I  have  given  the  series. 

These  deposits  occupy  a  rather  limited  area  in  the  Appalachian  field, 
being  found  in  only  two  counties  (Gi-eene  and  Washington)  of  Pennsyl- 
vania, with  the  exception  of  small  isolated  patches  in  Fayette,  West- 
moreland, and  Allegheny.  In  Ohio  there  is  a  larger  area  of  them 
bordering  the  Ohio  River  through  the  counties  of  Belmont,  Monroe, 
Washington,  Athens,  Meigs,  and  Gallia.  But  it  is  in  West  Virginia 
that  we  find  the  principal  belt  of  these  beds,  for  there  they  cover  a  wide 
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region  bordering  the  Ohio  River  between  the  Pennsylvania  line  at  the 
north  and  the  Great  Kanawha  River  on  the  sonth,  as  the  accompanying 
map  fthows. 

The  character  of  the  rocks  varies  greatly  in  different  portions  of  this 
area.  At  the  northeastern  end  of  the  field,  in  Washington  County, 
Pennsylvania,  limestones  seem  to  predominate  in  thickness  over  the 
^ray  shales,  sandstones,  and  thin  coal  beds  with  which  they  are  there 
interstratified.  Bat  soathwestward  the  limestones  and  coals  gradually 
disappear,  so  that  in  Jackson  County,  West  Virginia,  no  regular  coal 
beds  are  found,  and  only  one  limestone  (the  Kineveh)  remains.  The 
limestones  continue  in  considerable  number  in  Greene,  Ohio,  Marshall, 
and  Monongalia  Counties,  and  the  northern  part  of  Wetzel  County,  but 
southward  from  this  line  they  rapidly  disappear,  with  the  single  excep- 
tion noted.  The  coal  beds  all  die  out  with  the  disappearance  of  the 
limestones,  except  one  f  the  Washington),  which  seems  to  extend  beyond 
tbe  Vttle  Kanawha  River  before  it  passes  out  of  the  series. 

As  the  limestones  and  thin  coal  beds  gradually  fade  out  to  the  south- 
west, red  shale,  a  variety  of  rock  almost  unknown  in  Washington  County, 
Pennsylvania,  gradually  comes  into  the  section  in  thin  beds  at  first,  but 
finally  extends  throughout  the  whole  series,  and  forms  nearly  one-half 
its  thickness,  thus  making  a  broad  band  of  red  soil  from  the  Pennsyl- 
vania line  south  westward  to  the  Great  Kanawha  River. 

This  increase  in  red  shale  beds  is  accompanied  by  an  increase  in  the 
number  and  massiveness  of  the  sandstone  rocks,  so  that  the  topography 
gradually  becomes  greatly  different  from  that  found  in  Washington 
County,  Pennsylvania.  There  the  surface  is  gently  rolling,  the  valleys 
broad,  and  the  hills  rounded,  with  no  deep  gorges  or  precipitous  slopes, 
tbe  abundance  of  limestone  rendering  the  soil  so  highly  fertile  that  the 
region  has  long  been  famed  as  one  of  the  finest  grazing  and  agricultural 
districts  in  the  Union.  But  toward  the  southwest,  while  the  soil  remains 
very  fertile,  owing  to  a  large  quantity  of  marly  material  in  the  red 
sbales,  yet  the  thickening  up  of  the  sandstone  beds  makes  the  vallt^ys 
narrow  and  the  lower  portion  of  the  hills  often  precipitous,  the  arable 
land  being  confined  largely  to  the  ridges,  so  that  the  soil  is  better 
adapted  to  grazing  than  tillage.  In  many  cases  the  massive  sandstones 
crop  out  along  the  ridges  which  they  have  protected  from  erosion, 
forming  narrow  ^^  hogbacks,"  from  which  the  surface  falls  away  rapidly 
on  each  side.  Another  peculiarity  of  these  beds  is  that  the  sand  rocks 
contain  no  pebbles  except  near  the  base  of  the  series,  since  above  the 
Waynesburg  sandstone  no  pebbles  larger  than  coarse  sand  grains  have 
ever  been  seen  by  the  writer  in  all  of  the  1,000  feet  of  deposits,  except 
at  a  single  locality  on  the  Parkersburg  and  Staunton  turnpike,  along 
tbe  dividing  ridge  between  Ritchie  and  Gilmer  Counties,  West  Virginia, 
where  locally  the  Marietta  Sandstones,  140  feet  above  the  Washington 
coal,  thicken  up  into  a  very  coarse  conglomerate,  filled  with  quartz 
I>ebbles. 
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The  character  of  the  rocks  which  compose  these  measures  in  the  sct- 
eral  regions  of  their  area  will  be  seeu  from  the  sectioDS 
which  follow. 

Section  on  Dunkard  Creeky  Ortene  County^  Pennstflr 
vania. — Fig.  1  shows  the  succession  found  along  Dankanl 
Greek,  from  the  head  of  its  Pennsylvania  fork  iu  Gil- 
more  Township,  Greene  County,  eastward  to  where  the 
stream  veers  northward  back  into  Pennsylvaoia  at 
Mount  Morris. 

Dunkard  Creek,  Greene  Countyj  Pennsylvania. 
[See  map,  L 1  to  L  k.] 

FL  in.         It.  ts, 

1.  Concealed  from  top  of  Shongh's 
kfiob 165 

2.  Sao'lstone.  maesiTe,  Oilmore 40 

3.  Shales,  with  HiDestone  at  base  ...  15 

4.  Sandsione  and  shales  and  con- 
cejiled 100 

6.  Shale,  red 2 

6.  Shales,  grav 20 

7.  Shale,  marly 2 

8.  Sandstone  a od  shale 35 

9.  Shale,  red            3 

10.  Snndstone  and  shale 50 

11.  Ked  shale 3 

12.  Shales  and  sandstone,  Nineveh..  25 

13.  Shales     .  20 

14.  Coal,  Nineveh 1 

15.  Shales 28 

18.  Limestone  (No.  X).  Nineveh  7 

17.  > hales,  sandstone  and  concealed.  100 

18.  Sand  Ml  one,  massive.  Fish  Creek..  20 

19.  Shales  with  fossil  plants 10 

iUonl..  0'  6' 
Slaie 
Coal 

21.  Limestone 

22.  Sandstone 10 

23.  Shales 17 

24.  Limestone.  JoU3*town 1 

2.*).  Sha4e?(  and  MsndKtone 25 

26.  Coal,  Jolly  town  1 

27.  Calcareous    shsle,    foasiliferons, 
fish  teeth ^ 0 

28.  Limestone.  Upper  Washington  ..  4 

29.  Shales  and  Asiidstone 115 

30.  Limestone,  Middle  Washington..  3 

31.  Shales 40 

32.  Sandstone 35 

3a.  Shale 6 

34.  S!fJ;^„  ..*?  .;<Fire  clay  ....  2'  6"S  4 
ington    A.  )ooal... 0^6"^ 

35.  Shales  and  sandstones 60 

36.  Limestone,  Lower  Washington  ..  5 

37.  Shales 5 

38.  Coal,  Washington,  slaty 5 

39.  Shales  and  sandstones,  including 
a  ooal  bed  near  center 110 

40.  Coal,  Waynesburg,  "A" 2    6     S    183     6 

41.  Shales ; 10 

42.  Sandstone,  Wnynesbnrg 50 

43.  Shales,  with  fossil  plants  (Cass- 
ville) 5         J 

44.  Waynesbarg  coal. 

Total I,ie2~ 


*«*' 


iv^     ^9P 


gRfesik 


IIIB 

..  0'  6") 

J    0^  1"  S . 

..  0'  6"> 


1     } 
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Section  on  Calvin's  Run^  Qreene  County^  Pennsylvania. — The  lower  half 
of  this  Dunkard  Greek  series  is  very  finely  exposed  in  a  continuous  sec- 
tion on  Colvin's  Run,  a  tributary  of  Dunkard  which  empties  into  it  near 
Mount  Morris,  Greene  County,  Pennsylvania,  and  in  descending  this 
stream  the  following  intervals,  as  shown  in  Fig.  2,  were  carefully  meas- 
ored: 


i^^ 


i^si 


mf^ 


SSh*:^^ 


lynrngy.Tli 


^^^z-1 


5i%S$:? 


xnV 


Fio.  :t.— SeotioD  on  Ool- 
Tin't  Ran,  Pa. 


Colviri'8  Run,  Greene  County^  Pennsylvania. 

(Seeniftp,  LI.] 

Ft,  in.       Ft.  in. 

1.  Llmeatone.  Nineveh D 

2.  Shales  and  sandstone 135 

3.  Limestone,  Jollytown 10         >    190    6 

4.  Sandyshales 35 

5.  Coal,  JoUytown 1 

6.  Shales,  sandy 35 

7.  Sandstone,  masfliye 15 

8.  Sandy  shales  and  concealed 40 

9.  Redshales 10 

10.  Shales 26 

U.  Sandstone 10 

12.  Shales 15 

13.  Coaly  shales,  Washington,  "A" 2         V    246 

14.  Sandy  shales  and  sandstone 45 

15.  Limestone,  {i^ay 2 

16.  Shales.... 5 

17.  Sandstone,  massive 15 

la  Shales 15 

19.  Limestone,  Washington  Lower 7 

20.  Shale,  dark 4 

2L  Coal,  Washinjfton 2 

22.  Shales  and  sandstone 45 

23.  Coal,  Wayneaburg,  "B" 2 

24.  Shales  and  sandstone 35 

25.  Limestone,  Colvin's  Run 3 

26.  Shales 1 

27.  Coal,  Wayncsborg,  '"A" 2 

28.  Limestone 2 

29.  Shales * 5 

80.  Sandstone.  Waynesbarg 75 

31.  Shales,  with  fossil  plants  (Cassville) 6 

32.  Coal,  Waynesbarg. 

Total 618 


177     6 
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Section  in  Aleppo  Township y  Greene  County^ Pennsylvania. — Wheeling 
Creek  rises  od  the  western  slope  of  the  MonoDgahela-Ohio  divide,  and 
flowing  westward  enters  the  Ohio  Biver  at  Wheeling. 
It  furnishes  excellent  exi>osures  of  the  Dankard  beds 
ih)in  the  summit  of  the  series  to  the  base.  The  follow- 
ing intervals  (Fig.  3)  were  measured  along  the  Dunkard 
Fork  of  the  creek  between  its  source  in  Aleppo  Town- 
ship, Greene  County,  Pennsylvania,  and  the  mouth  of 
Crab  Apple  Creek,  near  the.  West  Virginia  line: 


S*^si.«^^.^;; 


eW^^^ 


^ 


4!J' 


f      451 


233    8 


Aleppo  Townshipy  Greene  County^  PennsiflvanieL. 

[See  map.  Lj.] 

PL  in.  J^.  in. 

1.  Shales  and  sandstones 90 

2.  Limestone,  Windy  Gap 4 

3.  Shale 25 

4.  Coal    and  bitnminoas*  shale, 

WindyGap 2 

5.  Shale 80 

6.  Sandstone,  Gilmwe 30 

7.  Concealed  (shales,  sandstones, 

and  limestonos) 300 

8.  Coal.  Nineveh 1 

9.  Shales 25 

10.  Limestone,  Nineveh 8 

11.  Shales  and  sandstone 40 

12.  Coal 1 

13.  Limestone 2 

14.  Sandstone 30 

15.  Limestone 8 

16.  Shales  and  sandstone 70 

17.  Limestone  .: 2 

18.  Shale 16 

1».  Coal.Dnnkard 2 

20.  Limestone 1 

21.  Slialy  sandstone 25 

22.  Limestone,  Jolly  town 2 

23.  Shales  and  sandstone 115 

24.  Dai  k,  calcareoQs  shale 2 

26.  Limestono 6 

26.  Shales  and  sandstone 40 

27.  Limestone 2 

28.  Shales  and  sandstone 60          ^326 

29.  Shales IQ 

30.  Sandstone 25 

31.  Shales,  sandstones,  and    con- 

cealed   66 

32.  Coal,  Washington 4 

38.  Shales  and  concealed 64 

34.  Coal,Waynesbnrg,  "B" 1 

85.  Shales 24          ^      J38 

36.  Coal,  Waynesburg,  "A" 0 

37.  Shales 10 

38.  Sandstone,  Waynesburg 45 

39.  Coal,  Waynesborg. 

Total iTwt" 


Fio.  3.-1 


in  Greene  County,  Pa. 
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Section  at  Board  Tree  Tunnel,  Marshall  County,  West  Virginia. — At 
Board  Tree  Tunnel,  on  the  Baltimore  and  Ohio  Railroad,  and  close  to 
the  line  between  Wetzel  and  Marshall  Counties,  some 
very  high  land  occurs,  while  an  oil  well  boring  in  the 
valley  of  Fish  Creek  near  by  carries  the  rock  meas- 
urement down  to  the  base  of  the  Dunkard  Creek  beds. 
In  descending  from  Eice's  Knob  past  the  westerh  por- 
tal of  Board  Tree  Tunnel  to  the  Xuce  farm  oil  boring 
on  Fish  Creek,  and  connecting  with  the  record  of  the 
latter,  the  following  succession  (Fig.  4)  is  revealed : 


jT^y^-V'-^j 


wtf 


33? 


-40f 


Board  Tree.  Marshall  County^  West    Virginia. 


MjC^>^^ 


aotf 


7: 

8. 
9. 

10, 

11. 

12. 

13. 

14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 


0  [See  map,  L  j.] 

Sandstone,  fray,  and  concealed.. 

Gray  limestone,  Windy  Gap 

Red  shales  and  concealed 

Coaly  slate 

Concealed  to  base  of  a  massive 

sandstone 

Conccalefl,  sandstone   and   red 

sbale  to  Board  Tree  Tnnnel 

Sandy  shales 

Sandstone,  Nineveh 

Coal,  Xineveh 

Gray  shales 

Sandstone,  massive 

Shales 

r  Limestone.. 
(Limestone]  Black  elato . 
}  Nineveh. .  ]  Limestone 

i     limy  beds . 

Yariegated  shales 

Sandstone 

Shales,  limy 

Sandstone,  to  level  of  track  at 

wcstportal    

Concealed  sbales and  sandstone. 
Massive  sandstone,  Fish  Creek. 

Shales    

Coal,  Dankard,  to  level  of  bore 

hole    

Interval,  shales,  sandstones,  and 

limestones,  with  two  thin  coal 

beds 

Shales,  sandstones,  and  red  beds. 

Coal,  Washin^on  

Shales,  limestones,  and  sandstone . 
Coal,  Wayuesbnrg. 

Totol 


ne...  ri 
ate  . .  3'  I 
Deand  f 
eds..l5') 


Ft. 
55 

5 
100 

1 

35 

175 
,15 
16 

1 

15 
12 

3 

19 

9 
5 

7 

5 

100 

30 

'     3 


50 


5 
150 


Ft. 


401 


261 


300 
155 


1,117 


There  is  some  uncertainty  about  the 
horizon  of  the  Pittsburgh  coal  in  the 
oil  boring,  since  two  large  beds  are  re- 
ported, one  at  700  feet  and  the  other 
at  800.  The  latter  is  the  thicker  bed, 
and  as  the  depth  from  it  to  the  third  oil  sand  (2,100  feet)  agrees  with  the 


Fio.  A — Section  at  Board  Tree  Tunnel,  Mar- 
shall County,  W.  Va. 
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same  interval  15  miles  to  the  northeast,  I  have  regarded  the  lower  bed  as 
the  Pittsburgh  in  constructing  the  above  section.  If,  however,  the  coal 
1 00  feet  higher  should  prove  to  be  the  Pittsburgh,  then 
the  5- foot  coal  150  feet  above  the  bottom  of  the  sec- 
tion would  probably  be  the  Waynesburg  bed,  and  the 
Dunkard  Greek  series  should  be  cut  off  just  above  it^ 
and  thus  shortened  by  155  feet  at  this  locality. 

In  the  vicinity  of  Bellton,  Marshall  County,  West 
Virginia,  4  miles  west  from  Board  Tree  Tunnel,  the 
exposures  are  very  fine  and  the  surface  outcrops  can 
there  also  be  combined  with  the  record  of  an  oil  bor- 
ing, which  thus  gives  another  measurement  of  the  en- 
tire series. 

Section  at  Belffonj  Marshall  County j  West  Virginia. — 
In  descending  from  the  highest  summits  near  Bellton, 
the  following  succession  (Fig.  5)  is  obtained  when 
combined  with  an  oil-boring  record  which  was  pub- 
lished by  the  writer  in  the  Annals  of  the  Lyceum  of 
Natural  History,  New  York,  July,  1874 : 


'  '  '■  '  SO' 


^.^.^/ 


W^ 


iBt 


^HH^ 


Bellton,  Marshall  Countjf,  West  Virginia, 

[See  map,  LJ.] 

Ft.  Ft.    in 

1.  Limestone,  Windy  Gap 5         1 

2.  Shales 30 

3.  Coal,  WimlyGap,  blossom 0 

4.  CoucAaled  and   sandstone   and 

shales 30 

5.  Shales  and  sandstone 60 

6.  Ssndslone,  massive,  gray 20 

7.  Red  shales  and  conc^ed 75 

8.  Sandstone,  massive    40 

9.  Ked  shales  and  sandstone 50 

10.  Limestone 3 

11.  Shales  and  concealed 10 

12.  Coal,  Nineveh 1 

13.  Shales  and  sandstone 35 

14.  Limestone  and  shales,  Nineveh . .  10 

15.  Shales,  snndstooe and  concealed.  lOO 

16.  Sandstone 5 

17.  Shales 10 

18.  Limestone 0    6 

19  Coal 0    3 

20.  Shales  and  sandstone 15 

2LRedsbales 5          ^284    8 

22.  Concealed 20 

23.  Coal 1 

24.  Shales  and  concealed 30 

25.  Co.l.DankMd.  |  gSSS':.'^»*',t;;  \  1    ! 

26.  Limy  shales  and  fire  clay 5 

27.  Shales 13 

28.  Limestone,  gray,  JoUytown 2 

29.  Shales  and  sandstones 30 

30.  Coal,  JoUytown 0    8    J 

31.  Limestone,  gray,  Upper  Wash- 

ington   (continned   from  oil- 

wellreoord) 5 

32.  Ssndstono 12 

33.  Shale 7 

34.  Sandstone H 

36.  Shale 12 

36.  Fireclay 7 

37.  Sandstone , 25 

38.  Shale 12 

39.  Sandstone 17 
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FL  in. 

40.  C<ia]Tsh&]et 9 

41.  SaDaistone 9 

42.  Shale 5 

48.  Sandstone 4 

44.  Shale 19 

45.  Sandstone 16 

46.  Shale 4 

47.  Sandstone 30 

48.  Shale 3 

49.  Sandstone 35 

50.  Shale , 27 

51.  Sandstone 46 

52.  Coal,  Washington 6 

53.  Sandstone 20 


Ft.  in. 


313 


148 


Ft.  in. 


148 


n.  in. 

54.  Limestone 8 

66.  Shale 19 

66.  Sandstone 15 

57.  Shale 18 

68.  SHudstone 25 

59.  Shale 4 

60.  Limestone 10 

61.  Fireolaj- 3 

62.  Limestone 4 

63.  Sanddtone... 16 

64.  Place    for    Waynesburg 

coal. 


Total 1,078    8 


This  boring  did  not  reach  the  Pittsburgh  coal,  and  hence  the  identi- 
fication of  the  6-foot  coal  bed,  142  feet  above  the  base  of  the  section,  is 
made  on  the  same  basis  as  that  of  the  5-foot  bed  150 
feet  above  the  bottom  of  Section  4,  since  the  two  coals 
are  evidently  identical.  The  thin  coals  in  the  upper 
half  of  the  series  have  been  named  the  Bellton  group 
from  this  locality. 

Section  at  New  Martirisvilley  West  Virginia. — In  pass- 
ing sonthwestward  from  this  area  of  maximum  devel- 
opment of  the  Permo-Carboniferous  rocks  a  considerable 
change  takes  place  in  the  character  of  the  beds.  The 
Bellton  coal  group  practically  disappears,  and  also  many 
of  the  limestones,  so  that  in  the  vicinity  of  New  Martins- 
ville, Wetzel  County,  West  Virginia,  the  lowof  half  of 
the  series  presents  the  structure  shown  in  Pig.  6 : 

New  Martinsville,  Wetzel  County,  West  Virginia, 
ItSeemap,  Mi.] 


^sm^i^.^ 


Ft 

1.  Bed  shale  . 

2.  Concealed 

8.  Bed  shale 

4.  Limestone,  Kineveh,  in  several  layers  separated  by  shale 

6.  Red  marly  shale 

6-  Concealed  and  sandstone 

7.  Rwlshale 

8.  Sandstone,  sandy  shales,  and  concealed 

9.  Red  shale 

10.  Sandstone,  massive 

11.  Concealed 

12.  Redsttale 

18.  Concealed - 

14.  Sandstone,  brown  luassive 

15.  Sandy  shales 

16.  Red  shale - 

17.  Sandstone 

18.  Red  shale 

10.  Sandstone  and  sandy  shales 

20.  Concealed  and  sandy  shales 

21.  R<'d  marly  shales,  with  limestone  nodules 

22.  Sandy  shale,  grav 

23.  Sandstone,  massive 

24.  Sandy  shales 

25.  Red  shale  with  limestone  nodules 

26.  Sliale,  gray,  sandy 

27.  Sandstone,  massive 

28.  Sandy  shales  

20.  Limestone,  impure 

30.  Sandy  shales 

81.  Coal,  Washington 4 

82.  SandT  shales '..      5 

88.  Sandstone,  massive 35 

84.  Concealed  and  sandy  shales 25 

35.  Shales,  sandstones,  and  concealed 50  , 

36.  waynesburg  coal. 


Total. 


Ft. 

5 
46 

2 
10 

6 
30 

5 
30 
10 
10 
35 

5 
25 
10 
23 

2 
25 

5 
25 
20 

5 
15 
20 
15 

5 

2 
30 

3 

2 
20 


119 


503 


Fio  .e.— Section  at  New 
MutioaTiUe.  W.  Va. 
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No.  4  appears  to  represent  the  Nineveh  limestone,  thoagh^its  inter- 
val above  the  base  of  the  series  is  less  here  than  usual. 

Not  a  single  one  of  the  Bellton  coals  was  observed  iu 
this  section,  though  some  of  them  may  have  been  pres- 
ent and  concealed. 

Section  at  BaresviHe,  Ohio* — In  the  vicinity  of  Bares- 
vjlle,  Monroe  County,  Ohio,  a  long  section  was  made 
by  the  late  Prof.  E.  B.  Andrews.  It  is  referred  to  in 
vol.  II,  Ohio  Geology,  page  587,  and  published  on  Map 
XIII,  section  No.  II.  The  locality  is  only  1^  miles  above 
New  Martinsville,  West  Virginia,  and  the  succession 
reads  as  follows  (Fig.  7) : 


^^^h 


Barewillej  ^lonroe  County ^  Ohio. 

[See  map,  M  i.] 

Ft.  in. 

1.  Coal,  bloMom 

2.  Concealed 

8.  LioieHtone,  1<I  ineveh 6 

4.  Shale  18 

5.  Limcstoue,  eandy 2 

6.  RwUshale    14 

7.  Shale,  mostly 21 

8.  Shale 20 

\i.  Sandstone,  laminated 36 

10.  Redsbale 18 

11.  Sandstone 2 

12.  Rfdshalo 20 

13.  Sandstone 8 

14.  Shale 4 

15.  Sandstone 3 

16.  Ridshale 18 

17.  SnndBtone U 

18.  Shale 4 

19.  Sandstone 8 

20.  Shale 3 

2i.  Coal,  blossom,  Jollytown 

22.  Shale        8 

23.  Sandstone A 

24.  Sandyehale 18 

25.  Sandstone 1 

26.  Shale      , 12 

27.  Sandstone • 

28.  Shale  * 

29.  Sandstone 5 

30.  Shale ^ 5 

31.  Sandstone * 

32.  Shale 23 

33.  Sandstone 12 

34.  Shale  3 

35.  Sandstone 2 

36.  Shale 28 

37.  Sandstone ^ 

38.  Shale . 
[  C:oal  . . 

39.  Coal,  Washington  "A  ' 

40.  Clay 

41.  Shale 

42.  Sandstone 

43.  Shale 

44.  Sandstone 

45.  Shale 

46.  Concealed 

47.  Sardstone,  Waynesburg  . 

48.  Shale    , 

49.  Coal,  Waynesburg. 


Fio.  7.— Section    at 
Baresville,  Ohio. 


(C:oal   ..  0'  9'> 

.  <Clav...  0'  4"> 

(Coal... 2'  0") 


Total. 


201 
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5 
1 
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156 
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The  co^  blossom  at  the  summit  of  Section  7  appears  to  come  at  a 
horizon  Above  any  of  the  Belltou  beds,  and  hence  is  a  new  and  prob- 
ably extremely  local  element  in  the  series. 

Section  in  Liberty  Township^    Washington   County^ 

Ohio. — The  following  (Fig.  8)  succession  of  the  beds 

in  the  lower  portion  of  this  series  is  reported  by  Mr. 

F.  W.  Minshall  from  a  hill  near  the  Epler  oil- boring 

in  Liberty  Township,  Washington  County,  Ohio: 


i^^™i'a*" 


g,^™. 


Liberty  Township,  fVMhington  County^  Ohio, 

[See  map,  Mg.]  Ft. 

1.  Shftleaatid  sandstones 

2.  Coal,  JoUytown    

3.  Shales  and  Aandstone 

4.  Coal,  Washington  ♦'A" 

5.  Shales  and  limestone 31 

6.  Sandstone 

7.  Shales  

8.  Ccal,  Washifiirton    

9.  Limestone  and  shales 66 

10.  Sandstone,  pel^hly,  Waynesbnrg 28 

11.  Shales     6 

12.  Waynesbnrg  coal. 


31  ) 
16  i 
12  S 


Ft.   1 

too 

1 

140 

2 

50 


100 


i&" 


Total. 


404 


f^oa' 


Fiu.  ft.— Section  in 
Wasnington  County-, 
Ohio. 


These  identifications  are  made  on  the  supposition 
that  the  Macksbarg  coal  of  the  Ohio  geologists  is  the 
equivalent  of  the  Waynesburg  bed. 

Section  at  Washington^  Pennsylvania. — In  Washing- 
ton County,  Pennsylvania,  the  Dunkard  series,  as  al 
already  stated,  contains  much  more  limestone  than 
elsewhere,  and  the  intervals  between 
the  several  members  are  somewhat  less 
than  in  Greene  County.    The  following 
section  (Fig.  9)  from  Geological  Survey, 
Pennsylvania,  Report  K,  page  248,  ex- 
hibits the  structure  of  the  lower  portion 


of  these  beds  at  Washington,  Pennsylvania : 

Washingtonj  FenTt^ylvania. 

[See  mau.  J  I.] 

Ft.  in. 

1.  Liraestone,  Joll ytown 

2.  Shale 

3.  Coal.Jollytown 

4.  Sandstone 10 

5.  Darkshale 8 

6.  Liraestcme,  Upper  Washington 30 

7.  Concealed 50 

8.  Coal  blossom 0 

9.  Concealed 80 

10.  Limestone,  Lower  WaNhin^toii 12 

11.  Coal,  Washington 7 

12.  Clay  4 

13.  Sandstone i 9 

14.  Concealed 10 

15.  Limestone 2 

16.  Shales,  limestone,  and   concealed 65 

17.  Blackslate !     C 

18.  Limestone 4 

19.  Blneshale  15 

20.  Waynesbnrg  coal. 

Total 


Ft.    1 

10 
5 
1 


190 


agT 


117    C 


Fie.  9.--Section    at 

Digitized  b^'^'-Ktoo-f". 


30 


'raE   NORTHERN   BITUMINOUS   COAL  FIELD. 


[BULU  €5. 


Section  near  Taylorstownj  Pennsylvania. — Another  sectioo^firom  the 
same  volame  page  259,  exhibits  the  saooession  in  the  lower  half  of  this 
series  in  Buffalo  Township,  Washington  Gonnty,  Pennsylvania,  as 
shown  in  Fig.  10. 

In  both  these  sections  (9  and  10)  the  writer  has  changed  the  identi- 
fications of  tome  of  the  beds  (notably  that  of  the  Jolly  town  coal)  from 
that  made  in  the  original  sections  by  Stevenson,  bat  in  every  snch  case 
the  change  is  clearly  warranted,  since  the  coal  in  question  was  placed 
too  near  the  Washington  coal  by  Stevenson. 
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Near  Taylorsioumt  WiukingUm  County^  Pennsglvania 
(8m  map,  J  k.] 

L  LimMtone,  in  ftrngmenta 

2.  Shales  A&d  Muidstone 

3.  Coal,  bloaaoaif  JoUytowB 0 

4.  Shale 10 

5.  Limeatone A 

6.  Concealed SO 

7.  Limeatone 12 

8.  Sandstone 15 

9.  Coid 0 

10.  Concealed 40 

11.  Limestone 15 

12.  Concealed 45 

13.  Limestone 10 

14.  Concealed 5 

15.  Coal 0 

10.  Concealed,  with  maoh  limestone 25 

17.  Coal,  Washington 6 

18.  Concealed,  with  a  limestone 85 

19.  Coal, blossom,  Waynesbarg  *'B*' 0 

20.  Concealed 40 

21.  Coal,  blossom,  WaynesburK  "A" 0 

22.  Waynesbarg  sandstone 50 

23.  Shales 10 

24.  Coal,  Waynesbnrg 

Total •. 
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Fig.  lU.- Section  near 
Taylorstown,  Pa. 


The  very  highest  beds  of  the  Dunkard  Greek  series  known  to  the 
writer  occur  in  Shongh's  Knob,  at  the  head  of  Dunkard  Greek,  Gilmore 
Township,  Greene  Gounty,  Pennsylvania,  but  these  are  concealed  by  a 
thick  covering  of  soil,  and  hence  could  not  be  seen  in  detail.  The  high- 
est rock  of  the  series  which  has  been  traced  over  any  considerable  area 
is  the  Windy  Gap  Limestone, 

CHARACTERISTIC  HORIZONS. 
TIIK  WINDY  GAP  UME8TONE. 

This  has  been  named  from  its  occurrence  near  Windy  Gap,  a  "  divide  ^ 
separating  the  Laurel  Run  branch  of  Fish  Creek  from  the  waters  of 
Wheeling  Creek;  in  Springhill  Township,  Greene  County,  Pennsylvania, 
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The  stratum  is  asaally  of  a  blaish  gray  color,  qaito  pure,  and  has  a 
thickness  of  about  five  feet.  It  contains  minute  fresh  water  fossils, 
and  occafiionally  small  crystals  of  blende. 

The  only  land  geologically  and  topographically  high  enough  to  catch 
this  stratum  is  that  which  clusters  about  the  southwestern  corner  of 
Pennsylvania,  in  Greene  County,  and  the  a(\joining  regions  of  Mar- 
shall, Wetzel,  and  Monongalia,  in  West  Virginia.  Only  one  point 
(Hunsucker's  Knob)  in  the  last  county  is  high  enough  to  catch  this 
limestone,  since  its  outcrop  ranges  between  1,500  and  1,600  feet  above 
the  sea.  The  sections  (Figs.  3  and  4)  at  Board  Tree  and  Bellton,  in 
Marshall  County,  as  well  as  the  one  (Fig.  2)  in  Aleppo  Township, 
Greene  County,  show  this  stratum  near  their  summits,  but  its  horizon 
is  concealed  in  Shough's  Knob  of  the  Dunkard  Creek  section  (Fig.  1). 

This  is  the  same  stratum  as  that  numbered  Limestone  XIV  by  Prof. 
John  J.  Stevenson  in  his  Report  K,  Second  Geological  Survey  of  Penn- 
sylvania. 

THE  WINDY  GAP  COAL. 

At  an  interval  of  25  to  30  feet  below  the  limestone  just  described 
there  occurs  a  small  coal  bed  just  under  the  summit  of  the  '^  divide"  at 
Windy  Gap,  Greene  County,  Pennsylvania,  and  it  has  been  designated 
from  that  locality.  No  opening  into  it  has'ever  been  made,  and  hence 
it  is  known  only  as  a  blossom  which  exposes  one  to  two  feet  of  coal  and 
black  slate,  the  latter  filled  with  the  fossil  Cypris,  or  a  closely  allied 
form. 

The  same  bed  was  also  seen  in  Aleppo  Township,  and  in  the  summit 
of  the  hills  at  Bellton.  It  is  the  highest  known  coal  of  the  series,  and 
comes  about  1,050  feet  above  the  Waynesburg  bed. 

THE  GILMORE  SANDSTONE. 

Crowning  the  upper  portion  of  the  Permo-Carboniferous  beds  over  a 
considerable  area  around  the  heads  of  Dunkard,  Wheeling,  and  Fish 
Creeks,  there  occurs  a  very  massive  sandstone  having  a  thickness  of  25 
to  40  feet.  It  was  named  the  Gilmore  sandstone  by  Professor  Steven- 
son, from  its  occurrence  in  the  township  of  that  name  in  southwestern 
Greene  County.  This  stratum  is  usually  a  coarse  and  very  massive 
sandstone,  excellent  for  building  purposes,  and  often  forming  long  lines 
of  cliffe  on  the  summits  of  the  high  ridges.  These  cliflfe  are  always 
traversed  with  fissures,  and  they  furnish  a  convenient  retreat  for  foxes 
when  chased  by  hounds,  so  that  the  stratum  in  question  is  often  locally 
known  as  the  ''  Fox  rocks,''  and  again  it  is  named  from  the  farms  where 
the  clifife  occur,  as  "Pethtle''  rocks,  "  Efaw  ^  rocks,  etc.  This  stratum 
has  been  the  main  agency  in  preserving  all  of  the  very  high  beds  of 
tiie  Permo-Carboniferous  from  erosion. 

The  interval  below  the  Gilmore  sandstone  for  200  to  250  feet  consists 
of  red  shales,  occasional  thin  limestones^  and  gray  sandstones^  but  coa- 
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tains  DO  beds  sufficiently  characterized  to  be  identiiiable  over  anj  con- 
siderable area. 

THE  NINEVEH  SANDSTONE. 

At  225  to  250  feet  below  the  Gilmore  sandstone,  we  come  to  another 
great  sandstone  deposit  which,  from  its  good  development  near  the  vil- 
lage of  Nineveh,  Greene  County,  Pennsylvania,  has  been  designate 
from  that  locality.  Like  the  Gilmore  sandstone  above,  it  is  usually 
an  excellent  building  stone,  and  has  long  been  used  for  that  purpose 
on  the  Baltimore  and  Ohio  JRailroad,  near  Littleton,  Wetzel  County, 
West  Virginia,  where  it  crops  out  in  a  great  cliff  along  the  hills  150  to 
200  feet  above  creek  level. 

This' same  stratum  may  also  be  seen  in  the  hills  two  miles  above  Jol- 
lytown,  Greene  County,  where  it  has  long  been  quarried  on  the  land 
of  Thomas  White  for  building  purposes.  It  is  of  a  yellowish  gray  cast, 
rather  coarse-grained,  but  soft,  and  splits  readily  into  rectangular 
blocks. 

THE  BELLTON  COAL  GROUP. 

At  275  to  300  feet  under  the  Gilmore  sandstone  we  find  the  upper- 
most of  a  series  of  thin  coals  which,  from  their  fine  exposure  at  the  vil- 
lage of  Bellton,  Marshall  County,  West  Virginia,  have  been  termed  the 
Bellton  group.  These  coals,  few  of  which  are  rarely  more  than  one 
foot  thick,  occur  within  a  rock  interval  of  200  to  300  feet,  and  when  all 
are  present,  as  in  the  Bellton  section  (Fig.  5), there  are  five  distinct  beds, 
though  not  all  of  them  aie  persistent  over  any  considerable  area.  The 
three  beds  given  in  the  Dunkard  Creek  section  (Fig.  1),  viz,  the  Nine- 
veh, Dunkard,  and  Jollytown  coals,  are  the  most  important  members 
of  the  group.  Interstratified  with  these  coals  are  shales,  sandstones, 
and  two  important  limestones. 

THE   NINEVEH  COAL. 

This  is  the  uppermost  member  of  the  Bellton  group,  and  was  named 
from  the  village  of  Nineveh,  Greene  County,  Pennsylvania,  by  Professor 
Stevenson. 

The  coal  rarely  exceeds  one  foot  in  thickness,  yet  it  is  generally  quite 
pure,  and  is  frequently  used  for  smithing  purposes. 

In  the  hills  at  Bellton  it  crops  out  290  feet  above  Fish  Creek,  and  the 
same  coal  is  seen  in  the  railroad  cut  at  the  western  portal  of  Board 
Tree  Tunnel,  75  feet  above  track  level. 

On  the  head  waters  of  Dunkard  Creek  it  is  known  as  the  John  Tay- 
lor coal,  and  although  only  one  foot  chick  is  highly  valued  as  a  smithing 
fuel. 

THE  NINEVEH  UME8T0NE. 

Below  the  Nineveh  coal  at  an  interval  of  25  to  30  feet  there  comes  a 
limestone  which  has  a  very  extende<l  distribution.  It  was  called  Lime- 
stone No.  X  by  Professor  Stevenson  in  his  Report  K,  Greene  and  Wash* 

Digitized  by  CjQOQ  IC 


w«TE.l  CHARACTERISTIC   HORIZONS.  33 

ington  Counties,  bat  it  is  here  designated  from  the  same  village  in  Greene 
County  which  has  given  name  to  the  coal  and  sandstone  already  de- 
scribed. 

This  limestone  asnally  consists  of  several  layers  separated  by  shales 
the  whole  of  which  sometimes  foots  up  nearly  20  feet,  as  in  the  section 
at  Board  Tree  Tunnel  (Fig.  4),  but  its  usual  thickness  is  seldom  more 
than  10  feet.  Frequently  a  stratum  of  bituminous  shale  is  found  inter- 
stratified  with  the  layers  of  limestone.  Some  of  the  latter  are  quite 
pure,  and  furuish  excellent  lime.  It  has  a  very  wide  distribution,  as 
may  be  seen  from  its  presence  in  each  of  the  first  seven  sections  already 
given.  The  same  stratum  extends  dear  through  to  Jackson  County, 
West  Virginia,  and  nearly  to  the  Big  Kanawha  Eiver,  where  it  occurs 
high  up  on  the  summits  of  the  hills  and  is  hence  termed  the  '^  Bidge  " 
limestone,  by  the  farmers. 

There  is  a  fine  exposure  of  this  rock  at  Limestone  Hill  Post-office,  on 
the  Parkersburg  and  Charleston  turnpike,  near  the  corners  of  Wirt, 
Wood,  and  Jackson  Counties,  West  Virginia.  It  is  there  nearly  30  feet 
thick,  in  Several  layers,  and  contains  many  minute  fossils,  all  apparently 
of  fresh- water  tyx>es. 

THE  HOSTETTBR  COAL. 

Occasionally  a  bed  of  coal  occurs  at  75  to  100  feet  below  the  Nineveh 
limestone.  It  has  been  stripped  out  of  the  run  on  the  old  Hostetter 
farm  near  Burton,  Wetzel  County,  West  Virginia,  where  it  is  13  to  15 
inches  thick  and  rather  pure.  It  also  appears  to  be  present  in  some 
localities  near  the  head  of  Duukard  Creek,  and  in  a  local  section  near 
Bellton  it  was  seen  15  inches  thick  at  130  feet  below  the  Kineveh  coal. 

THE  FISH  CREEK  SANDSTONE. 

At  135  to  150  feet  below  the  Nineveh  coal,  there  often  occurs  a  very 
massive  sandstone.  It  makes  the  great  clifb  along  the  waters  of  Fish 
Creek  in  Springhill  Township,  Greene  County,  Pennsylvania,  and  was 
designated  from  this  stream  by  Stevenson  in  his  Beport  K. 

The  rock  in  question  is  frequently  quite  massive,  and  it  makes  an  ex- 
cellent building  stone.  It  is  very  conspicuous  in  the  region  of  Deep 
Valley,  Pennsylvania,  where  it  forms  long  lines  of  vertical  cliffs  25  to 
30  feet  high.  It  may  also  be  seen  in  clifEs  along  the  Baltimore  and  Ohio 
Bailroad,  above  Littleton,  in  Wetzel  County,  where  it  is  quarried  for 
building  purposes. 

THE  DUNKARD  COAL. 

Below  the  Fish  Creek  sandstone,  at  an  interval  of  1  to  20  feet,  another 
coal  bed  is  often  found,  which,  from  its  occurrence  along  the  bed  of 
Dunkard  Creek  for  a  considerable  distance,  was  named  the  Dunkard  coal 
by  Professor  Stevenson.  It  is  seldom  more  than  12  to  15  inches  thick, 
but  is  almost  invariably  double,  having  a  thin  layer  of  slate  near  its 
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center.  At  Deep  Valley,  Penusylvania,  however,  this  parting  thick- 
ens up  to  five  feet  or  more  and  thus  separates  the  coal  into  two  well- 
defined  beds,  each  of  which  is  8  to  10  inches  thick.  In  the  roof  shales 
of  this  coal  at  Mr.  Lee  Garrison's,  in  Gilmore  Township,  Greene  County, 
Pennsylvania,  finely  preserved  fossil  plants  abound,  principally  of  the 
genera  Neuropteris  and  Odontopteris. 

This  bed  is  frequently  stripped  along  the  streams  for  local  use  in 
Greene,  Monongalia,  Wetzel,  and  Marshall  Counties. 

THE  JOLLYTOWN  LIMESTONE. 

Below  the  Dunkard  coal,  at  an  interval  of  25  to  30  feet,  there  occnrs 
a  bed  of  limestone  which  is  rather  persistent.  It  is  well  exposed  in  the 
vicinity  of  Jollytown,  Greene  County,  Pennsylvania,  and  has  been  des- 
ignated from  that  locality.  As  may  be  seen  from  its  presence  in  Sec- 
tions 1  to  5  and  also  in  9,  this  limestone  has  a  wide  distribution,  thongfa 
at  the  head  of  Dunkard  (Fig.  1),  and  on  Fish  Creek  (Fig.  5),  the  stratum 
is  only  1  to  2  feet  thick.  In  Washington  County,  Pennsylvania,  how- 
ever, it  thickens  up  to  10  feet  or  more  and  is  usually  a  rather  pure  lime- 
stone. 

THE  JOLLYTOWN  COAL. 

This  is  the  lowest  member  of  the  Bellton  coal  group,  and  underlies 
the  Jollytown  limestone  by  an  interval  of  25  to  30  feet  The  coal  was 
named  by  Professor  Stevenson  from  a  village  in  Greene  County,  Penn- 
sylvania. 

This  is  the  only  coal  of  the  Bellton  group  that  ever  attains  dimen- 
sions of  2  to  3  feet,  and  can  therefore  be  mined  by  drifting,  since  in 
the  vicinity  of  Wise,  Monongalia  County,  West  Virginia,  and  below 
this  along  the  South  Fork  of  Dunkard  Creek,  it  is  nearly  3  feet  thick, 
and  is  mined  to  a  considerable  extent  for  local  use.  The  coal  is  not 
very  pure,  but  in  the  absence  of  any  other  beds  it  finds  a  ready  market 
In  the  Bellton  section  (Fig.  5)  this  coal  has  been  identified  with  the 
lowest  bed  exposed  there.  This  is  only  a  few  inches  thick  and  quite 
slaty,  so  that  it  is  possible  the  Jollytown  bed  is  the  one  next  above,  and 
which  in  that  section  has  been  referred  to  the  Dunkard  coal. 

Along  Dunkard  Creek  the  Jollytown  coal  is  nearly  always  present, 
and  seldom  less  than  1  to  2  feet  thick.  It  becomes  a  very  important 
key  rock  over  a  wide  region,  since  there  are  seldom  any  other  coals 
below  it  for  an  interval  of  250  feet  It  extends  almost  without  a  break 
across  Greene,  Monongalia,  Marion,  and  Harrison  Counties,  butappeus 
to  thin  away  in  Doddridge. 

Throughout  Monongalia,  Greene,  and  Marshall  Counties,  the  interval 
between  this  bed  and  the  Washington  coal  below  is  abouc  275  feet, 
but  westward,  in  Washington  County,  Ohio  (Section  8),  the  interviJ 
thins  away  to  200  feet,  and  practically  the  same  measurement  is  found 
in  Washington  County,  Pennsylvania  (Sections  9  and  10), 
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THE  UPPER  WASHINGTOK  LIMB8TONE. 

Three  limestones  were  named  from  Washington,  Pennsylvania,  by 
Professor  Stevenson — an  Upper,  Middle,  and  Lower  one— and  two  of 
these  are  shown  in  the  section  (Fig.  9)  from  the  typical  locality. 

The  Upper  Limestone  is  a  very  important  bed  in  Washington  County, 
since  it  has  a  thickness  of  20  to  30  feet,  and  is  generally  very  pure.  It 
is  usually  of  a  dark  blue  color,  and  is  much  used  fur  macadamizing 
roads  and  burning  for  agricultural  and  other  purposes.  This  rock  ap- 
pears to  be  identical  with  the  limestone  seen  in  the  bed  of  Dunkard 
Creek  near  the  mouth  of  Negro  Run,  above  Jolly  town,  Greene  County, 
Pennsylvania,  where  it  carries  a  bituminous  shale  on  its  top,  filled  with 
fish  remains  and  other  minute  fossils,  and  underlies  the  Jollytown  coal. 

In  the  bed  of  Fish  Creek  at  Bellton,  Marshall  County,  West  Virginia, 
we  find  a  limestone  with  a  fish  bed  on  its  top,  which  appears  to  bei  iden- 
tical with  the  Upper  Washington  deposit. 

THE  MIDDLE    WASHINGTON  LIMESTONE. 

About  midway  in  the  interval  between  the  Upper  Washington  lime- 
stone and  the  Washington  coal  there  is  frequently  found  another  lime- 
stone bed.  It  is  very  persistent  in  Washington  County,  Pennsylvania, 
and  is  often  15  to  20  feet  thick  and  of  a  huffish  color.  i 

On  Dunkard  Creek  it  appears  to  be  represented  by  a  stratum  seen 
just  above  the  road  at  Kent's  Mills,  where  it  is  only  three  feet  thick* 
This  limestone,  like  all  of  those  in  the  Dunkard  series,  contains  minut^e, 
undetermined  fossils,  and  the  bituminous  shales  accompanying  them 
hold  plenty  of  fish  scales,  teeth,  etc.,  as  well  as  fragments  of  plants, 

WASHINGTON  "a"  COAL. 

At  70  to  80  feet  above  the  Washington  coal,  there  occurs  a  bed  of 
impure  coal  and  coaly  shale  which  is  often  present  in  the  section  along 
Dunkard  Creek.  Sometimes  the  entire  bed  is  four  to  five  feet  thick, 
but  little  of  it  is  ever  merchantable  coal,  being  seldom  more  than  a 
J^ituminous  slate.  It  is  well  exposed  in  the  hills  about  Blacksville, 
and  Brownsville,  in  Monongalia  County,  and  there  contains  many  bi- 
valve crustaceans. 

Bituminous  shale  is  often  found  at  this  horizon  in  Washington  and 
Greene  Counties,  Pennsylvania,  and  in  Washington  County,  Ohio  (Pig. 
8),  a  coal  bed  2^  feet  thick  seems  to  occur  at  the  same  place  in  the  series. 

THE  MARIETTA  SANDSTONES. 

The  Washington  ^'A"  coal  is  often  absent,  and  the  portion  of  the 
series  for  100  to  VJ5  feet  above  the  Washington  coal  is  then  frequently . 
occupied  by  two  or  three  beds  of  massive  sandstone.    These  crop  out 
in  the  hills  below  Marietta,  Ohio,  where  they  have  long  been  exten- 
sively quarried  for  grindstones  and  building  stone,  and  they  have  been 
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designated  from  that  locality.  There  are  often  three  of  them,  each  25 
to  40  feet  in  thickness,  and  separated  by  thin  shales,  so  that  in  such 
cases  they  might  be  called  the  Upper,  Middle,  and  Lower  Marietta 
sandstones.  Sometimes,  however,  as  near  Bock  Lick,  Marshall  Connty, 
West  Virginia,  the  shales  thin  ont  and  let  all  of  the  sandstones  coalesce 
into  one  mass  more  thao  100  feet  thick. 

These  beds  form  the  great  clifts  at  Baven  Bock,  Pleasants  County, 
West  Virginia.  The  upper  one  is  extensively  quarried  at  the  Jackson 
quarry  in  Parkersbnrg,  West  Virginia,  and  it  with  its  associated  rocks 
forms  long  lines  of  clifGs  up  the  Little  Kanawha  Biver,  where  they  have 
been  extensively  quarried  in  the  vicinity  of  Elizabeth  and  other  points. 

It  is  one  of  these  beds  that  makes  the  big  cliffs  on  the  hill  above  the 
famous  McGugan  gas  well  in  Washington  County,  Pennsylvania. 
The.se  rocks  are  sometimes  gray,  but  more  frequently  of  a  yellowish  or 
huffish  cast,  and  moderately  coarse  in  grain.  They  also  occur  in  Bitchie, 
Wirt,  Jackson,  and  Putnam  Counties,  West  Virginia,  where  they  cap 
the  narrow  ridges  in  long  lines  of  cliffs. 

In  Greene  and  Washington  Counties,  Pennsylvania,  and  Monongalia 
County,  West  Virginia,  this  interval  of  100  feet  above  the  Washington 
coal  is  generally  occupied  by  shales,  limestones,  and  thin,  sandy  beds, 
massive  sandstones  being  exceptionaL 

THB  BLACKSVILLE  UBflSSTOKB. 

In  some  portions  of  Washington,  Oreene,  and  Monongalia  Counties, 
a  limestone  occurs  with  considerable  persistency  at  30  to  50  feet  above 
the  Washington  coal.  This  was  numbered  Limestone  III  by  Professor 
Stevenson  in  his  Oreene  and  Washington  report,  but  as  it  comes  to  the 
surface  near  the  bed  of  Dunkard  Creek,  in  the  village  of  Blacksville, 
Monongalia  County,  West  Virginia,  it  has  been  given  a  geographical 
name  from  that  locality.  The  rock  is  generally  gray,  quite  pure,  and 
only  three  to  five  feet  thick.  It  is  seen  in  Section  2  at  46  feet  above 
the  Washington  coal.  It  soon  disappears  southward  from  the  Pennsyl- 
vania line. 

THE  LOWBR  WA8HIKOTON  UMS8T0NB. 

At  Washington,  Pennsylvania,  a  limestone  of  unusual  thickness  (20 
feet)  forms  the  roof  of  the  Washington  coal,  and  it  was  designated,  from 
that  locality,  the  Lower  Washington  limestone  by  Stevenson.  It  has 
a  wide  distribution  in  Greene,  Washington,  Ohio,  Belmont,  Marshall, 
and  Monongalia  Counties,  but  disappears  southward  from  these.  It 
often  attains  a  thickness  of  20  to  30  feet  in  Washington  County,  but  is 
always  interstratified  with  much  shale,  and  outside  of  Washington 
County  is  seldom  more  than  5  to  10  feet  thick.  Frequently  some  of  the 
layers  contain  so  much  carbonate  of  iron  as  to  prove  a  fair  ore.  These 
iron-bearing  layers  are  often  interstratified  with  bituminous  shales,  and 
in  such  cases  the  iron  layers  are  covered  with  fossil  plants.    It  is  on 
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these  thin,  sbaly  layers  of  carbooate  of  iron  in  the  roof  of  the  Washing- 
ton coal  at  Bix)wn's  Bridge,  Dunkard  Creek,  on  the  West  Virginia- 
Pennsylvania  line,  that  the  Permian  plant,  Callipteris  canferta,  occurs 
as  described  in  Eeport  PP,  Second  Geological  Survey,  Pennsylvania, 
page  54. 

THE  WASHIKGTON  COAL. 

This  bed,  which  is  the  only  one  in  the  Dunkard  series  that  is  worka- 
ble over  a  wide  area,  was  first  described  by  the  writer,  and  named  the 
Brownsville  coal  from  its  occurrence  at  the  village  of  that  name  in 
Monongalia  County,  West  Virginia.  Subsequently,  however,  the  same 
coal  was  found  in  greatei^  development  at  Wasbiogtou,  Pennsylvania, 
and  it  was  designated  from  that  locality  by  Professor  Stevenson. 

It  is  always  a  multiple  bed,  being  separated  into  two  or  three  layers 
by  divisions  of  slate.  Occasionally  these  divisions  are  numerous  and 
the  entire  thickness  of  the  bed  is  8  to  10  feet,  but  m  all  cases  the  only 
pore  or  merchantable  coal  is  the  bottom  portion,which  seldom  exceeds 
two  and  a  half  to  three  feet  The  upper  part  of  the  bed  is  nearly 
always  very  impure,  since  it  contains  so  much  ash  and  slate  as  to  consti- 
tute it  a  mere  bed  of  richly  bituminous  shale. 

This  coal  is  much  more  persistent  than  any  other  coal  of  the  Permo- 
Carboniferous  series,  since  it  occurs  everywhere  in  the  northern  area  of 
these  rocks,  and  does  not  disappear  to  the  southwest  except  beyond  the 
Idttle  Kanawha  Eiver,  in  West  Virginia,  while  in  Ohio  it  seems  to  be 
persistent  even  to  the  southwestern  margin  of  these  deposits.  In  Wash- 
ington and  Meigs  Counties,  Ohio,  it  is  frequently  referred  to  by  Pro- 
fessor Andrews  as  the  Hobson  coal. 

Section  at  Farmington^  Marion  County ^  West  Virginia, — The  following 
section*  of  this  coal,  taken  near  Farmington,  Marion  County,  West  Vir- 
giaia,  well  illustrates  the  structure  of  the  bed  when  it  is  thick: 

Ft  in. 

1.  Coal 0  e^ 

2.  Shale 0  3 

3.  Coal  and  shale 0  8 

4.  Coal 1  0 

6.  Shale .* 0  4     Ft.  in, 

6.  Coal ■- 0  6>6    n 

7.  Shale 0  3 

S.Coal 1  0 

9.  Shale 0  4 

10.  Coal 1  1 

11.  Shale 0  3 

12.  Coal.fair 2  0] 

13.  Slate 0  2^48. 

14.  Coal,good 2  6 

Here  the  upper  or  roof  portion  of  the  coal,  although  6  feet  thick,  is 
entirely  worthless,  and  the  only  really  good  coal  in  the  bed  is  the  2^ 
feet  at  the  bottom. 
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Through  Washington  Ooanty,  Pennsylvania,  this  coal  has  a  thick- 
ness of  5*to  6  feet,  bat  very  little  of  it  is  merchantable. 

It  is  frequently  exposed  along  the  Ohio  River  hills  between  Wheel- 
ing and  Parkersborg,  being  at  low  water  in  the  latter  town. 

Before  disappearing  to  the  southwest  it  dwindles  down  in  tiiickness 
very  much,  since  at  Harrisville,  Ritchie  Oounty,  it  is  only  2  feet 
thick,  and  at  the  Orahamite  mines,  near  Hughes  River  in  the  same 
county,  only  IJ  feet 

It  is  mined  for  local  supply  in  the  vicinity  of  Smithville,  Ritchie 
County,  where  it  is  only  15  inches  thick  and  160  feet  above  the  level 
of  Hughes  River. 

Section  on  Willey  Forky  Wetzel  County^  West  Virginia.— AX  the  mouth 
of  the  Willey  Pork  of  Fishing  Creek,  Wetzel  County,  West  Virginia, 
this  coal  is  brought  a  few  feet  above  water  level  by  a  low,  anticlinal  roll, 
and  there  it  exhibits  tbe  following  structure : 

Ft.  in. 

1.  Dark  shales  ...;. ••••••« 

2.  Coal 0  6^ 

3.  Coaly  shale 1  6 

4.  Shale,  gray,  sandy 2  0  I '^  *^' 

5.  Coal 0  3  '^   °    * 

6.  Gray  shales 2  0 

7.  Coal,slaty 2  0^ 

Section  near  Brown^s  MilUj  Monongalia  County^  West  Virginia. — Near 
Brown's  Mills,  Monongalia  County,  where  this  coal  was  first  described, 
it  has  the  following  structure: 

Ft.  in. 

1.  Bituminous  shale 2  0  "^ 

2.  Coal,impare 1  9 

3.  Shale 0  4 

4.  Coal,slaty 1  4 

5.  Shale 0  8 

6.  Coal,good 2  4. 

At  this  locality  the  Lower  Washington  limestone  forms  the  roof 
above  the  bituminous  shale  No.  1,  and  it  also  contains  much  iron. 

Occasionally  a  thin  coal  is  found  resting  immediately  on  top  of  the 
Lower  Washington  limestone,  and  that  condition  of  affairs  exists  at 
Brown's  Mills,  where  a  bed  of  coal  and  black  slate,  in  all  2  feet  thick, 
occurs  10  feet  above  the  top  of  the  Washington  coal.  The  bed  is  not 
persistent  enough  to  merit  a  separate  name,  however. 

THE  WASHINGTON  8ANDST0NB. 

Very  frequently  no  fire  clay  is  present  under  the  Washington  coal, 
and  the  latter  rests  directly  upon  a  flaggy  sandstone,  often  finely 
laminated,  brown,  micaceous,  and  containing  vegetable  fragments  in 
great  quantity.    This  stratum, which  was  called  the  Washington  sand- 
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Stone  by  Professor  Stevenson,  occars  over  a  wide  area  in  Monongalia, 
Greene,  and  Washington  Counties,  bat  is  not  persistent  very  far  south 
of  the  Pennsylvania  line. 

THK  LITTLE  WASHINGTON  COAL. 

Just  under  the  Washington  sandstone,  and  10  to  20  feet  below  the 
Washington  coal,  there  sometimes  occurs  a  thin  bed  of  coal,  seldom  at- 
taining a  foot  in  thickness.  It  is  more  persistent  in  Washington  County, 
Pennsylvania,  than  elsewhere,  and  hence  was  designated  as  above  by 
Stovenson.  It  is  seldom  seen  south  from  the  Pennsylvania  line,  and  in 
Greene  County  even  is  represented  only  by  a  thin  bed  of  bituminous 
Blate. 

THE  WAYNBSBURG  "b"   COAL. 

Below  the  last  little  coal  bed  there  usually  occur  shales,  thin  sand- 
stones, and  occasionally  a  limestone,  down  to  about  45  feet  below  the 
Washington  coal,  where  another  small  bed  is  found  quite  persistent  in 
Monongalia,  Greene,  and  Washington  Counties.  It  is  seldom  more  than 
a  foot  thick,  but  sometimes  attains  to  two.  It  has  never  been  seen  south 
of  Bf onongalia  County,  and  is  of  little  economic  importance. 

THE  COLVIN's  run  LIMRSTONB. 

Below  the  last  coal  come  30  to  35  feet  of  shale  and  thin  sandstones, 
and  then  we  get  a  limestone  that  was  numbered  Limestone  1(a)  by 
Professor  Stevenson,  but  I  have  given  it  the  above  geographical  desig- 
nation from  its  occurrence  at  the  locality  of  Section  2,  where  it  is  3 
feet  thick  and  quite  pure.  It  is  often  of  a  huffish  cast,  however,  and 
contains  too  much  iron  to  slake  well  on  burning.  In  Washington 
County,  Pennsylvania,  this  stratum  thickens  up  to  8  and  10  feet,  but  it 
is  seldom  seen  south  of  the  Pennsylvania  line. 

THK  WAYNE8BURG  "a"  COAL. 

This  occurs  just  under  the  last  mentioned  limestone  and  like  it  is  con- 
fined to  the  northern  end  of  the  Permo-Carboniferous  area.  It  some- 
times attains  a  thickness  of  3  and  4  feet,  but  is  generally  slaty  and 
worthless,  so  that  it  has  seldom  been  mined.  It  occurs  quite  generally 
across  Monongalia,  Marion,  and  Harrison  Counties,  and  is  i)ossibly 
present  in  Bitchie  County  near  Harrisonville,  but  beyond  that  it  has  not 
been  identified.  Its  horizon  is  usually  60  to  80  feet  above  the  Waynes- 
burg  coal  proper. 

THB  MOUNT  MORRIS  LIMESTONE. 

Separated  fipom  the  coal  last  described  by  only  2  to  5  feet  of  clayey 
shales  there  sometimes  occurs  a  limestone  which,  although  noted, 
was  not  named  by  Stevenson  in  his  Report  K.  It  is  well  exposed  on 
the  north  bank  of  Dunkard  Creek  at  Mount  Morris,  Greene  County, 
Pennsylvania^  and  has  been  designated  from  that  locality.    The  stratum 
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is  often  only  1  to  2  feet  thick,  and  seldom  more  than  5  feet  exo^ 
in  Washington  Goanty,  Pennsylvania,  where  it  is  occasionally  thicker. 
This  limestone  is  not  persistent,  and  is  seldom  foond  sooth  of  the 
Pennsylvania  line,  being  frequently  absent  even  in  Greene  and  Wash- 
ington Goonties. 

THE  WATNXSBURO  BANDSTONS. 

Jnst  onder  the  horizon  of  the  Mount  Morris  limestone,  and  separated 
from  it  by  2  to  5  feet  of  shales  and  clay,  there  comes  a  very  im- 
portant sandstone.  This  was  long  ago  termed  the  Waynesburg  sand- 
stone, from  its  fine  development  near  the  town  of  that  name  in  Greene 
Oonnty,  Pennsylvania.  It  is  one  of  the  most  persistent  members  of  the 
Permo-Oarboniferous  series,  since  its  eastern  outcrop  can  be  followed 
in  an  almost  constant  line  of  cliffs  from  Greene  Gounty,  Pennsylvania, 
clear  across  West  Yirginia  to  the  Big  Kanawha  Biver  at  Winfield. 

This  stratum  is  the  only  one  in  the  series  that  is  generally  con- 
glomeratic or  contains  quartz  pebbles  larger  than  coarse  sand  grains. 
On  account  of  this  peculiarity  the  rock  in  question  becomes  a  very  im- 
portant guide  to  the  geologist  in  the  interior  of  West  Virginia,  where 
so  many  of  the  Dunkard  Greek  coals  and  limestones  have  disappeared, 
for  it  retains  its  pebbly  character  over  a  very  wide  area.  When  at  its 
greatest  development  tiie  thickness  of  this  stratum  approaches  75  and 
even  100  feet  It  is  usually  a  grayish  white  rock,  with  a  yellowish 
cast  on  freshly  broken  surfleuses,  and  its  weathered  bowlders  are  usually 
covered  with  ridges  and  streaks  of  harder  iron-bearing  sand.  The  rock 
splits  readily  and  frequently  frimishes  excellent  building  stone,  the 
piers  of  the  Baltimore  and  Ohio  Railroad  bridges  across  the  Monongahela 
Biver  near  Fairmont  having  been  constructed  of  it. 

Along  the  western  border  of  the  outcrop  of  this  rock  it  dwindles 
down  and  changes  its  character  entirely,  being  frequently  represented 
in  Washington  Gounty,  Pennsylvania;  Marshall  and  Ohio  Oonnties, 
West  Yirginia ;  Belmont  and  Monroe  Gounties,  of  Ohio,  by  sandy  shales 
and  flaggy  sandstones,  and  occasionally  even  a  stratum  of  limestone 
may  be  found  at  this  horizon. 

In  passing  down  the  Ohio  Biver  below  Marshall  Gounty  the  horizon 
of  this  sandstone  passes  below  water  level,  but  when  itTeappears  near 
Saint  Mary's,  in  P  leasants  Gounty,  the  rock  has  regained  its  massive- 
ness,  and  is  a  coarse  pebbly  sandstone  50  feet  thick,  and  from  this 
point  on  down  the  Ohio  Biver,  whenever  above  the  level  of  the  same, 
it  is  always  a  massive  sandstone.  From  Blennerhasset  Island,  below 
Parkersburg,  this  rock  is  almost  constantly  visible  either  in  the  bed 
or  bluffs  of  the  Ohio  on  down  to  25  miles  below  the  mouth  of  the 
Great  E^nawha.  It  is  the  emergence  of  this  stratum  from  the  bed  of 
the  stream  which  makes  Letart  Falls  in  the  Ohio  Biver.  It  is  this  rock 
which  forms  the  great  cliffs  in  the  top  of  the  hills  at  Bed  Bock,  in  Put- 
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Dam  Ooonty,  on  the  Oreat  Kanawha,  and  the  same  may  be  seen  as  a 
bed  of  pebbly  sandstone  at  many  points  in  Eitchie,  one  at  the  famous 
Grahamite  mine  being  especially  noteworthy,  for  it  is  the  great  sand- 
rock  through  which  the  celebrated  fissure  extends  at  the  base  of  the 
hills,  and  it  is  there  75  feet  thick* 

Through  Eitchie,  Oilmer,  and  Oalhoun  Oounties  a  bed  of  brecciated 
limestone  occurs  at  the  base  of  this  stratum  and  incorporated  with  it, 
which  is  quite  persistent  and  seems  to  replace  the  usual  underlying 
Waynesburg  coal,  which  is  there  absent. 

THB  CASSVILLB  PLANT  SHALK. 

The  Waynesburg  sandstone  often  re^s  directly  on  the  underlying 
Waynesburg  coal,  but  more  frequently  a  bed  of  dark  gray  shale,  5  to 
15  feet  thick,  intervenes.  This  shale  is  always  prolific  in  fossil  plants  and 
is  especially  so  in  the  vicinity  of  Oassville,  Monongalia  County,  West 
Virginia.  It  is  from  this  locality  and  horizon  that  so  many  of  the  fos- 
sil plants  were  obtained  which  are  described  in  the  Second  Geological 
Survey,  Pennsylvania,  Eeport  PP,  by  Fontaine  and  .White,  and  it  is 
from  the  same  shale  that  so  many  plants  of  Permian  and  even  Triassic 
types  have  been  procured,  Taeniopteris,  Saportsea,  Baiera,  and  Pa- 
chypteris  being  among  the  numbef .  No  systematic  search  has  ever 
been  made  at  any  other  locality,  and  hence  it  is  entirely  probable  that 
the  list  of  fossil  plants  could  be  largely  incre^ased  were  this  bed  thor- 
oughly explored  in  other  regions.  Other  promising  localities  of  the 
Gassville  shale  which  have  been  slightly  explored  are  GarmichaePs, 
Greene  County,  Pennsylvania;  Georgetown,  Monongalia  County ;  and  . 
West  Union,  Doddridge  County.  In  connection  with  these  roof  shales, 
and  sometimes  interstratified  with  the  top  members  of  the  underlying 
coal,  there  occur  at  Cassville  numerous  remains  of  insects,  the  princi- 
pal ones  being  fossil  cockroaches,  of  which  Gerablattina  seems  to  be 
the  principal  genus. 

THE  AGE  OF  THB  I>UNKARD  GREEK  BEDS. 

The  fauna  of  these  rocks  has  never  been  systematically  studied  and 
its  relationships  determined.  What  desultory  work  b!as  been  done  in 
this  line  goes  to  show  that  the  animal  forms  consist  principally  of  mi- 
nute shells,  ef  crustaceans,  fish  remains,  and  insects,  many  of  which  are 
probably  undescribed.  No  Brachiopods  have  ever  been  seen  in  these 
rocks,  and  hence  one  important  line  of  evidence  which  might  help  to 
determine  their  relative  age  is  wanting.  Some  geologists  have  been 
inclined  to  regard  them  as  belonging  in  the  Carboniferous  proper  be- 
cause of  the  absence  of  the  Permian  reptilian  fauna,  and  other  types 
common  elsewhere,  but  as  the  deposits  are  mainly  of  fresh  water  origin, 
the  absence  of  such  types  is  to  be  expected.  Hence  until  the  minute 
fauna  occurring  in  these  limestones  and  black  slates  shall  have  been 
carefully  studied,  the  geologist  must  rely  on  the  evidence  of  fossil  plants* 
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These  have  been  Studied  by  Prof.  Wm,  M/ Fontaine  and  the  writer, 
the  results  being  published  in  Report  PP,  Second  Geological  Survey, 
Peuhsylvauia.  The  conclusions  there  given  show  that  the  flora  is 
closely  ana  unmistakably  allied  to  the  Permian  of  Europe,  since  it  con- 
tains so  many  types  that  are  peculiar  to  those  rocks  or  even  related  to 
Mesozoic  forms.  The  facts  and  conclusions  set  forth  are  sufficient  to 
convince  Prof.  Archibald  Geikie  that  these  rocks  are  of  the  same  age 
as  the  reptiliferous  beds  at  An  tun. 

The  conclusion  that  these  rocks  are  of  Permian  age  has  not  been  ac- 
cepted  by  all  American  geologists,  though  none  have  given  any  reasons 
for  discrediting  the  evidence  of  the  fossil  plants  on  which  it  is  based, 
and  until  it  is  contradicted  by  the  animal  remains  or  otherwise  shown 
to  be  erroneous,  no  other  hypothesis  is  tenable  in  view  of  the  evidence 
at  hand.  The  list  of  plants  from  which  the  Permian  age  of  these  Dnnk- 
ard  beds  is  inferred,  together  with  the  general  discussion  of  the  same, 
is  given  in  Chapter  III,  pages  106,  120,  Report  PP,  Second  Geological 
Survey,  Pennsylvania. 

The  recent  discovery  of  an  undoubted  Permian  invertebrate  fauna  in 
Texas  by  Prof.  0.  A.  White  and  Mr.  Cummins  (American  Naturalist, 
February,  1889),  confirms  the  conclusions  of  Profs.  Cope  and  Marcon 
with  reference  to  the  existence  of  •a  great  Permian  series  of  rocks  in 
this  country,  and  hence  there  is  no  longer  any  reason  for  doubting  that 
America  contains  deposits  which  are  equivalent  in  part  at  least  to  the 
Permian  of  Europe.  The  Texas  deposits,  as  described  by  Prof.  White 
in  the  article  referred  to,  are  so  exactly  similar  lithologically  to  these 
uppermost  beds  of  the  Appalachian  region,  that  the  description  of  the 
one  might  well  answer  for  that  of  the  other,  and  there  can  be  very  littie 
doubt  that  the  two  series  are  equivalent.  Singularly  enough  the  beds 
have  practically  the  same  thickness,  1,000  feet  in  Texas,  and  1,100  in 
West  Virginia  and  southwest  Pennsylvania. 
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THE  UPPER  COAL  MEASURES,  OR  MONOMGAHELA  RIVEiR  SERIES. 
THICKNESS,  OHABAOTEE,  Ain>    EXTENT. 

This  series  of  rocks  begins  at  base  with  the  Pittsburgh  coal  and 
extends  up  to  the  Gassville  shale.  The  thickness  varies  between  200 
feet  along  the  northwestern  outcrop  in  Ohio  and  380  feet  in  the  Monon- 
gahela  Kiver  region,  but  in  the  center  of  the  Appalachian  trough  a 
boring  at  Browntown,  Harrison  County,  West  Virginia,  carefully  meas- 
ured with  steel  line,  reveals  a  thickness  of  413  feet  from  the  top  of  the 
Waynesburg  coal  to  the  bottom  of  the  Pittsburgh  bed. 

Within  the  interval  there  belong  six  distinct  coal  beds,  though  only 
foar  of  these  are  workable  over  any  considerable  area.  These  coals 
have  their  fi^reatest  development  along  the  waters  of  the  Monongahela 
River,  and  hence  the  series  was  long  ago  named  after  that  river  by 
Prof.  H.  D.  Kogers. 

The  character  of  the  rocks  interstratified  with  the  coal  beds  changes 
greatly  in  passing, from  the  Monongahela  River  south wfird  to  the  Great 
Kanawha.  At  the  northern  end  of  the  basin  in  Marion,  Monongalia, 
Greene,  Washington,  Fayette,  and  Westmoreland  Counties,  limestone 
forms  about  one-half  of  the  rock  material,  and  the  same  is  true  on  the 
western  side  in  Brooke,  Ohio,  Marshall,  and  Belmont  Counties.  Red 
shale  is  unknown  in  the  series  at  the  north,  but  in  passing  southward 
from  Harrison  and  Lewis  Counties  the  limestones  practically  disap- 
pear, and  with  them  all  of  the  coals  except  the  Pittsburgh.  With 
their  disappearance  red  shales  come  in  and  apparently  replace  the 
limestones,  so  that  on  the  Great  Kanawha  nearly  one-fourth  of  the 
rock  material  in  this  series  is  red  shale,  while  the  thickness  is  reduced 
to  270  feet.  Along  with  this  change  in  the  character  of  the  rocks 
there  occurs  a  great  change  in  the  topography  made  by  these  beds,  for 
at  the  north,  where  limestone  is  abundant,  sandstones  are  few  and 
shaly,  so  that  a  gentle,  rolling  topography  results,  with  a  very  rich  soil 
and  one  of  the  finest  grazing  and  farming  regions  in  the  country,  while 
to  the  southwest,  after  the  limestones  have  disappeared  the  sand- 
stones thicken  up  and  become  more  massive,  thus  giving  rugged  and 
precipitous  slopes  with  narrow  valleys. 
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The  character  of  the  Upper  Goal  Measure  rocks  in  the  several  portions 
of  the  area  they  occupy  is  shown  by  the  several  sectious  which  follow. 
SccHon  in  Fayette  and  Westmoreland  Counties^  Pennsylvania, — Prof. 
Stevenson,  who  has  done  so  much  to  elaborate  the 
detailed  structure  of  this  series,  gives  the  following 
(Pig.  11),  in  Second  Geological  Survey,  Pennsylvania, 
B^port  KK,  pnge  31,  us  the  general  section  of  these 
beds  in  Fayette  and  Westmoreland  Counties : 

Fayette  and  Weetmoreland  CountieSy  Pennsylvania. 


V 


0M^^' 


[See  map,  K  n.] 


1.  CoaL  Waynesbnrg 

2.  SaDcly  shales  or  sandstone  . 

3.  Coal.  Little  Waynesborg  .. 

4.  Li  mestOD  p  ,  W  a^  nesburg . . . 

5.  Sbale  and  shaly  sandstone  . 

6.  Coal,  Unioutown 

7.  Limestone,  Uniontown  .... 

8.  Sandstone 

0.  Limestone,  "Great" 

10.  Coal,  Sewickley 

11   Sandstone 

12.  Limestone.  Sewickley 

13.  Shale  or  shaly  sandstone... 

14.  Coal,  Kedstooe 

15.  Limestone,  Bedstone 

16.  Sandstone  or  shale 

17.  Coal,  Pittsburgh 


Ft, 
20  " 
20 

12; 
30 


10 
40 


Ft 

6 

K 

3 

12 
I 

75 
4 
SO 

12 


Total. 


367 


Section  at  Brownsville^  Pennsylvani/i. — At  Browns- 
ville,  Fayette   County,  Pennsylvania, 
Prof.    Stevenson    finds    the   following 
structure,  (Fig.  12),  for  this  series,  as 
given  in  KK,  page  233 : 


^1^^--^^  4fi' 


Fio.  IL— Section  in 
Fayette  and  West- 
moreland Coan- 
tlea,  Pa. 

Brownsville,  Fayette  Cauntyy  Pennsylvania. 

[See map.  Km.]  Ft.  in. 

L  Coal,  Waynesbnrg,  blossom 

2.  ShaleSfSandy *5 

8.  Coal,  Little  Waynesbnrg,  blossom 0 

4.  Limestone.  Waynesbarg 4 

6.  Shales  and  sha)y  sandstone 66 

6.  Coal,  Uniontown,  blossom 

7.  Limestone,  coarse,  yellow I 

8.  Clay 3 

9.  Shale  and  sandstone 16 

10.  Limestone ^ 2 

11.  Concealed 17 

12.  Sandstone 3 

13.  Limestone  with  shales 42 

14.  Concealed 1« 

15.  Limestone 0 

16.  Concealed 7 

17.  Clayshale 8 

18.  Sewickley  coal  horizon 

19.  Sandy  shale  and  flaggy  sandstone 30 

20.  Limestone 30 

2L  Shale 35 

22.  Coal,  Bedstone 

23.  Shale,  sandy 

CCoal....O'    S") 

24.  Coal, Pittoburgh ^Cla^'....0'  lO^'S  


FL  in. 
104 


>    121 


95 


;-^' 


tCoal  ..  V    6" 


Total. 


0    6 
25 


354   6       Z 

7io.  12.— Seetkmal 
Brown«yme,Ffti 


Digitized  by 


Google 


z 


< 

8 


Digitized  by  ^ 


jvjogle 


Digitized  by 


Google 


^TTF8«r'? 


WHITB.! 


SECTION   AT   EICE's   LANDING,   PA. 


45 


Section  at  West  Brotonsville^  Pennsylvania.— On  the  opposite  side  of 
the  MoDongahela  River,  in  descending  from  Kreb's  Knob  to  West 
Brownsville,  in  Washington  County,  the  writer  meas- 
nred  the  several  members  of  this  series  with  the  fol- 
lowing results  (Fig.  13) : 

West  Brownsville,  Washington  County,  Pennsylvania. 


Flo.  18.— Section  at 
WMt  Brownsville, 
Fa. 


fSee  map,  K  m.] 

FL  in, 
(Coal C  10" 

1.  Coal,  Waynefibarg <Clay (K    3" 

(Coal 2'    6", 

2.  Shales  and  sandstone 45 

3.  BitamenoQs  shale.  Little  Wayneaburg  Coal 1 

4.  Limestone,  Waynesbarg 10 

6.  Sandstone,  shaly 40 

«.  Coal,  Uniontown 

7.  Limestone,  Uniontown 12 

8.  Shalu  Hud  nandntone 28 

0.  Limestone,  with  thin  shales H6 

10.  Coal, Sewickley,  blossom. 

11.  Sandstone,  shaly 32 

12.  Limestone 30 

13.  Shales 20 

14.  Coal,  Redstone 

15.  SandHtone  and  shales '..  

rCoal-.0'3"l 

16.  Coal,  Pittsburgh,  roof {  Sd  "  V  0^'  f 

lClay..l'0"i 

17.  Coal,  Pittsburgh,  main  bench 

Total i 


Section  at  Biceps  Landing,  Pennsyl- 
vania.— In  the  steep  hillside,  one  mile 
below  Bice's  Landing,  Greene  County, 
Pennsylvania,  the  series  exhibits  the 
following  structure  (Pig.  14) : 


Ft.  in. 
3    7 


06    6 


128 


82 


1 
45 


2    6    I 
7    0    j 


0    0 


368    7 


Eic€^8  Landing,  Greene  County,  Penneylvania. 


[See  map,  E  m.j 


1.  Waynesbarg  coal. 


rCoal....l' 
Clay....O' 
..<Coal....l'    3" 
[Clay....l'    2"\ 
I  Coal.... 2'    6") 


Ft.  in.       Ft.  in. 


6    4 


2.  Shalea 40 

3.  Ltmescone,  Wavnesborg « '6 

4.  Shales  and  sandstone 45 

5i  Coal,  Uniontown 

6.  Limestone,  Uniontown 6 

7.  Shales  and  sandstone 38 

8.  Limeston««,  "  Great " 82 

».  CoaL  Sewiokley 

10.  Sandstone 40 

11.  Limestone 25 

12.  Sandy  shale 80 

13.  Slate, bitominoas  (Bedstone  coal) 

14.  Sandstone,  Pittsbnrgh,  flaggy 15 

15l  Sandstone,  Pittsborgh,  massive 30 

r  (Coaly shale..  1'    O'M 

I  Roof.  ^  Coal V    2"\ 

18.  Coal,PlttBburgh...^  (CUy C  w\ 


t  Main  bench V    V , 


Total.. 


91 

1  6 
126 

1  0 
95 

1  6 
45 

10 
378    1 


Fio.   14.— Section   al 
Bice's  I^anding,  Pa. 
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Section  on  Robinsan^s  Rurij  West  Virginia. — ^TLe  Upper  Coal  Messoie 
beds  attain  a  very  fine  development  in  Monongalia  County,  West 
Virgiuia,  jnst  south  from  the  Greene  County  line,  and  there,  on  Eobio- 
son's  Bun,  2  miles  west  from  the  Monongahela  Biver,  the  following 
succession  (Fig.  15)  is  exposed: 

EohiMon^i  Run,  Monongalia  Counitfy  West  Virginia, 


[See  map,  L  m.] 


..2'  6") 
..1'  0"S 


FL  in. 


SCoal 
Shale 
Coal 

,  Sandy  shales  with  iron  ore  below  middle 35 

,  Limeatone,  WaynesboTg 8 

Shalee 10 

.  Limeatone 1 

.  Sandstone,  flaggy 40 

,  Black  slate  (Uniontown  ooal) 5 

,  Limestone,  Uniontown 10 

,  Sandstone  and  shales 35 

,  Limestone .' • 

,  Shales 10 

Sandstone,  flagi^y 80 

Limestone,  cement  beds 20 

Sandstone,' Sewickley 35 

Coal,  Sewickley 

Shales 10 

,  Limestone 10 

Shales 12 

Limestone 18 

.  Shales 16 

,  Coal,  Redstone 

Limestone,  Bedstone 10 

Shales  and  slates 20 


11  ia 

8 


U 


ISl 


Coal,  Pittsbargh 


Fig.  15.— Section  on 
Kobinson's  Bun, 
W.Va. 


(Roof  coals..  3') 

....<Cl»y I'V. 

tCoal 9f) 


13 


Total. 


Here,  as  will  be  seen  from  the  above  section,  the  Bedstone  coal, 
which  belongs  between  the  Pittsburgh  and  Sewickley  beds,  has  thick- 
ened up  into  merchantable  conditioo.  This  coal  contains  a  little  more 
sulphur  than  either  the  Pittsburgh  below  or  the  Sewickley  above,  hot 
it  makes  a  very  fair  fuel  for  domestic  and  steam  producing  purposes 
It  is  softer  than  either  of  the  other  two  and  would  coke  well. 

The  Bedstone,  Pittsburgh,  and  Sewickley  beds  of  this  section  foot 
up  a  total  thickness  of  21  i  feet,  including  partings,  and  about  17  feet 
of  this  is  merchantable  coal. 
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Section  on  ScotVs  Run^  West  Virginia. — A  short  distance  south  from 
Bobinson's  Run,  we  get  another  fine  exposure  of  the  Upper  Goal  Meas- 
ure beds  along  the  waters  of  Scotfs  Bun,  between  Cassville  and  the 
month  of  the  stream,  as  follows  (Fig.  16) : 

Sootfa  Ewn,  Monongalia  County,  We$t  Virginia, 


[See map,  Mm.] 


FL  in. 


I  Coal • yo"! 
Shale,  fossUiferwu.  .1'  0"  I 
Coal V  A"} 
Shale,gnty 1' 9"  \ 
Coal y  Q") 

2.  Black  slate 1 

3.  Sandy  shaleg,  with  iron  ore 25 

4.  Limestone,  Wayneabnrg 8 

6.  Sandy  shalefl,  with  limestone  layers '. 30 

6.  Sandstone,  massive 20 

7.  Limestone  and  shales 15 

8.  Black  slate,  representing  XJniontown  coal » 

9.  Limestones,  interstratifled  with  thin  shales,  cement 
beds  near  base 105 

10.  Sandstone,  Sewickley 40 

IJ.  Coal,  Sewickley 

12.  Shales 5 

13.  Sandstone ,.    10 

14.  Limestone 5 

15..  Shales,  greenish  gray 8 

16.  Concealed 15 

17.  Limestone,  steel  gray 7 

18.  Concealed       15 

19.  Coal,  Redstone . 

20.  Limestone,  Redstone 18 

21.  Shale  and  fire  clay 5 

22.  Slate,blaok 5 

f  Coal.  0'  8"! 

23.  Coal. Pittsburgh, roof S  cSS!.l'  0'' f * 

(€lay*.!v  0" 


24.  Coal,  Pittsburgh,  main  bench  . 


Coal.. 3'  V 
Slate  .0'  i" 
Coal-.O'  8' 
Slate. 0*  I" 
Coal..l'  6"  J. 
Slate. 0'  4" 
Coal.O'  6" 
Slate  .0'  I" 
I  Coal.. 3'  3" 


Ft  in. 
10    10 

y    99 

2 

145 

5 

65 


28 


»    13    lOi 


0    7iJ 


Total 372     8| 


no.  16.— Section   on 
Scott's  Run,  W.  Va. 


The  same  Bedstone  coal  makes  its  appearance  in  this  section  5  in  fact 
it  underlies  all  of  the  region  intervening  between  Scott's  aud  Robin- 
son's Buns,  thinning  out  southward  as  well  as  northward.  It  underlies 
an  area  of  probably  5,000  acres  where  it  is  of  workable  thickness.  In 
the  oil-well  borings  on  Doll's  Bun,  and  as  far  west  as  Mannington  and 
Fairview,  this  bed  is  still  present,  though  apparently  not  of  workable 
thickness. 
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Section  on  Buffalo  Creeks  West  Virginia. — Along  Buffalo  Creek,  in 
the  viciuity  of  Fairmont,  Marion  County,  West  Virginia,  the  Upper 
Coal  Measures  exhibit  the  following  succession  (Fig.  17): 

Buffalo  Creek,  Marion  CounUf,  West  rtrginia. 


rSee  m«p.  M 1.] 


L  Co«l«  WaynMbarg . 


fCoal...©'  «"! 
IShmle.-C  1" 
.<Co«l. 
I  Shale. 


2.  Shales 

3.  Sandstone,  mASstre 

4.  Shale 

5.  Liiueatone,  Waynesbiirg. 

6.  Shales 

7.  LinieHtone 


.  .  .IT     V       I 

e.-C  l"j 
. .  1'  0"  S 

B..1'  4" 
...8'  O'J 


Ft, 


in,       FL  \ 
S 


20 

30 


1 
18 


Shalea. 


Coal,  Pittsburgh. 


r  Coal,  bony.  (K  10^' 

Bono 0'    H" 

Coal 2'    3" 

.<  Slate (y 

I  Coal 0' 

I  Slate C 

ICoal 3' 


i" 


Fig.     17.— Seotion     on 
BufEUo  Creek,  W.  Va. 


Total. 


Shales W 

Sandstone 10 

Shales , 5 

Goal,  Uniontown 

Fireclay • 4 

Sandstone 1 

Shales  and  black  slate .^...  5 

Limestone 3 

Fireclay 5 

Shales  with  limestone 5 

Sandstone 2 

Blneshale r 8 

I«imestone 1 

Shales  and  concealed 25 

Limestone  interstratlfled  with  thin  shales 85 

Shales 6 

(Goal 6*  0") 
CUy 0'4'  J 
Coal 0*4"} 
Slate,  dark  .0'  8"  I 
Coal 0'5"| 


3    6 


Limestone,  buff 4 

Sandstone,  gray,  massiye 18 

Limestone,  gray 5 

Concealed  and  shales 15 

Impureday 5 

Limestone  and  shales 20 

Ssndstone,  Pittsburgh 25 

Shales 5 


1^1 


2     I 


149 


6     4 


>  180 

I 


7     U 


373     M 


The  portion  of  this  section  from  the  Sewickley  coal  down  to  the  base 
of  the  series  was  measured  at  the  Montana  mines,  2^  miles  below  the 
mouth  of  Buffalo  Creek. 

The  Redstone  coal  is  entirely  absent  here,  its  horizon  being  occupietl 
by  the  5  feet  of  impure  fire  clay,  50  feet  above  the  Pittsburgh  bed. 

Section  at  Clarksburg^  West  Virginia. — In  passing  from  Marion  Couoly 
southward  towards  Clarksburg,  in  Harrison  County,  a  great  change 
takes  place  in  the  character  of  the  sediments  of  the  jUpper  Coal  Meas- 
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nres.  The  limestones,  so  prominent  in  Greene,  Monongalia,  and 
Marion,  dwindle  down  to  insignificant  proportions,  as  shown  by  the  fol- 
lowing section  (Eig.  18),  made  at  Olarksburg  by  Mr.  Jno.  L.  Johnston, 
civil  engineer : 


tT.^>%i*c^>; 


il 


Flo.  18 — Section  at 
Clarksburg,  W.  Va. 


ClarJcshurgf  Harrison  Cauntyf  West  Virginia. 

[See map,  Ok.] 

Ft.  in. 

1.  Waynesbnrg  oobI,  absent  or  not  seen 

2.  Concealedand  yellow  sandy  shales  .....  85 

3.  Sandstone 25 

4.  Concealed,  with  some  limestone 80 

5.  Sandstone 20 

6.  Concealed 5 

7.  Sandstone 15 

a  Sandyshales 6 

9.  Sandstone,  Sewiokley 25 

10.  Shales 10 

11.  Coal,  Sewiokley 

12.  Limeetone {gSJf.II.r   S-'j » 

13.  Concealed 3 

14.  Sliales,  sandy 14 

15.  Shale,  with  iron  nodales 1       . 

16.  Shale8,8andy 4 

17.  Sandstone 1 

18.  Concealed 8 

19.  Coal,  Bedstone,  slaty 

20.  S^ale,  dark,  bitnminona 5 

21.  Limestone,  Bedstone 0 

22.  Shale,  greenish , 13 

23.  Slate,  bitominoas 1 

c  Coal. ...3     6") 

24.  Coal,  Pittsburgh.  <  Bone...  O'    1">  

^-^    l....^    0"S 


(  Coal. 


Ft  in. 
0 


>  251 


►    40 
25 


Total. 


328    6 


Section  at  Chapline  Hill^  Wheeling j  We'St  Virginia. — Between  the  Monon- 
gahela  and  Ohio  Rivers  a  considerable  change  takes  place 
in  the  character  of  the  Upper  Goal  Measure  beds,  and 
also  in  the  thickness  of  the  several  members,  as  will  be 
seen  by  the  following  section  (Fig.  19)  from  Chapline 
Hill,  Wheeling,  West  Virginia : 

Chapline  Hillj  Wheeling^  West  Virginia. 

[See  map,  KJ.]  1^  in. 

1.  CottlfWayneBbnrg...... 

2.  Concealea 6 

3.  Flaggy  sandstone,  filled  with  plant  fragments 4 

4.  Concealed 4 

5.  Limestone,  shales  and  concealed 60 

tL  Sandstone,  massive,  gray 5 

7.  Limestone  and  concealed 20 

8.  Green  shale 5 

9.  Limestone,  interstratifled  with  shales 55 

(Coal 1 

10.  Coal,  Sewiokley. <  Sandy  shales  with  plants 12 

(Coal 0 

IL  Shales 8 

12.  Sandstone,  rather  massire,  micaceoos,  cnrrent-bedded 20 

13.  Limesbone,  impure,  flaggy,  filled  with  fossil  ferns 1 

14.  Coal,  Bedstone • 

15.  Limestone,  mostly  boflBsh  and  impure 

(Coal,  roof 2') 

16.  Pittsborgh coal <Shale 2'>  

■       li..5'5 


Ft. 
2 


158 


l\ 


13    8 


29 


0  10 
65 


(  Coal,  main  bench . 


Total 

BuU*65- 


267 


Fi(i.  19.— Section  at 
—  Chapline  Hill, 
6     Wheeling,  W.Va. 
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Here  the  Waynesbarg  ooal  has  dwindled  to  an  nnimportant  bed, 
and  the  Sewickley  has  split  into  two  portions  separated  by  12  feet  of 
shales,  while  tbe  whole  column  has  lOst  more  than  100  feet  of  thick* 
ness  compared  with  the  Monongahela  River  region. 

Section  near  Bellaire,  Ohio. — At  Bellaire,  Ohio,  4  miles  below  Wheel- 
ing, the  following  carefully  leveled  section  (Fig.  20)  was  made  by  Prof. 
C.  N.  Brown,  of  the  present  Ohio  Geological  Survey.  It  exhibits  some 
interesting  changes  as  compared  with  the  Wheeling  section : 

Near  Bellaire,  Belmont  County,  Ohio* 


[See  map,  Ki.] 


1.  CoAl Waynesburg... 

2.  Shale,  Bandy 

3.  Shale 

i.  Limeetone 

5.  Coneealed 

6.  Coal,  bloBAom,  Little 


^-'--^^f 


Waynesbarg 

7.  Concealed 14 

8.  Coal,  bloesom,  Uiiiontown 

9.  Shale 4 

10.  Sandstone ^.      6 

11.  Shale,  argillaoeoaa 20 

12.  Concealed 32 

13.  Shale 2 

14.  Sandstone ., 3 

15.  Shale 3 

16.  Concealed 33 

17.  Calcareous  shale,  with  thin  limestones 24 

fCoal 4'    0"1 

I  Shales,  sandy 13'  IC^ 

18.  Coal, Sewickley.... «{  Coal 0'    ' 

I  Shale,  argillaceous  6' 


Ft,  in. 


6 
12 


FL  in. 
2 


wlf 


127      6 


Fig.  20. —Section  near 
BeUaire,  Ohio. 


0" 

iCoal.'..-7 3'    0". 

10.  Shale,  argillaceous 2 

20.  Limestone,  thin  clay  in  center 8 

21.  Limestone,  raaKuesian,  cement  rook 5 

22.  Clay 1 

28.  Limestone 11 

24.  Concealed U 

25.  Coal,  Kedstone,  blossom 

28.  Concealed 17 

27.  Shale 1 

28.  Coal,  rittsburgh 


27      6 


^    38 


7 


Total  . 


263 


The  interval  between  the  two  members  of  the  Sewickley  coal  has 
here  increased  to  20  feet,  and  the  upper  one  seems  to  keep  permanently 
above  the  lower  one  from  here  southwestward  through  Ohio,  becoming 
the  Cumberland  and  Meigs  Creek  bed  of  the  Ohio  geologists. 

Both  the  Little  Waynesburg  and  Uniontown  coals  are  represented 
in  this  sectioa,  but  neither  one  was  observed  at  Wheeling. 

It  is  worthy  of  note  that  there  is  a  difference  of  only  4  feet  in  the 
total  thickness  of  the  Upper  Coal  Measures  as  given  by  Prof.  Brown's 
section  at  Bellaire  and  mine  at  Wheeling,  four  miles  above. 
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Section  at  Moundsville,  West  Ftr^inta.— Near  the  moath  of  Grave 
Creek,  one  mile  below  Moundsville,  West  Virginia,  and  7  miles  below 
Bellaire,  these  measures  exhibit  the  following  saccession  by  combining 
the  surface  exposures  with  the  record  of  an  oil  boring  (Fig.  21) : 

Moundavillef  Marshall  County,  West  Virginia. 


.0-    6") 
.1'    0">. 
.1'    6") 


Fig.  21.— Section  at 
Moundsville,  W.  V^. 


[See  map,  Ki.) 

Ft.  in. 

!  Coal,  impure. 
Shale. 
Coal- 

2.  Shale,  soft,  gray 5 

8.  Sandstone,  massive,  gray,  micaceous 20 

4.  Concealed,  with  limestone  layers  at  base  2  feet  thick. ...  20 

5.  Flaggy  sandstone  and  samly  shales 20 

6.  Concealed 10 

7.  Limestone 1 

a  Concealed 14 

0.  Limestone,  gray 22 

10.  Concealed  to  mouth  of  oil  and  gas  well  at  30  feet  above 

low- water  mark  in  Ohio  River 28 

11.  Conductor  hole  of  oil-well  record 18 

12.  Limestone,  light  gray ^ 40 

13.  Slate 15 

14.  Bhick  rock,  shales 10 

IG.  Coal,  Redstone 

16.  Fireclay 7 

17.  Hardslate.  4 

18.  Gray  limestone 20 

19.  Bastard  limestone ^.  10 

20.  Coal.PitUburgh 


FL  in. 
8 


223 


Total. 


1     6 
41 


274      6 


Section  on  Pipe  GreeJCy  Ohio. — Pipe  Creek  puts  into  the  Ohio  Eiver 
3  miles  below  the  mouth  of  Grave  Creek,  and  there,  on  the  Belmont 
County  side  of  the  river,  the  Pittsburgh  coal  is  at  low-water  level.  The 
following  structure  (Fig.  22)  is  found  in  the  steep  hills  which  border 
the  mouth  of  Pipe  Creek : 


Pipe  Creek f  Belmont  County ^  Ohio. 


[See  map,  Ki.] 


Feet. 


1.  Coal,  Wasmesburg,  slaty  at  top 

2.  Concealed,  limestone  and  shales 

3.  Bituminous  slate,  Uniontown  coal 

4.  I^imestone,  Uniontown 10 

5.  Concealed,  with  much  limestone 100 

Coal. and  coaly  shale..  2'    0" 

Sandstone 12' 

Coal O' 

Shale 1' 

Coal 0' 

"]  Shale,  sandy  6' 

Coal,  slaty  V 

Shale 0' 

Coal 1' 

Blackslate 0" 

7.  Limestone,  Sewiokley.aDd. shales 

8.  Bituminous  shale,  (Redstone  coal) 

0.  Limestone,  (R6dstone)and  concealed 

10.  Coal,  Pittsburgh 

Total 


6;  CoAl,Sewickley. 


Feet. 

4 

56 

1 

110 


24 


22 
1 

25 
6 

248 


Fio.  22.— Section  \u 
Belmont  County, 
Ohio, 
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Below  this  last  locality  no  measurement  of  the  Upper  Coal  Measure 
series  is  possible  for  a  long  distance,  because  most  of  the  members  are 
below  water  level.  They  are  all  brought  to  the  surface,  however,  by 
the  Volcano  anticline,  which  crosses  the  Ohio  River  from  Pleasants 
County,  West  Virginia,  into  Washington  County,  Ohio. 

Section  in  Washington  County^  Ohio. — Mr.  F.  W.  Minsball,  of  Marietta. 
Ohio,  has  made  a  very  careful  study  of  these  measures  in  Washington 
County,  Ohio,  and  has  prepared  the  following  section  (Fig.  23)  as  rep- 
resenting their  usual  structure  there : 


Washington  County,  Ohio. 


Ft.  in. 


HtaiW  *^ 


Fio.  23.— Section  in 
Washington  Coonty, 
Ohia 


[See  map,  M  g.J 

1.  Coal,  Waynesbnrg  (Maoksburg) 

2.  Shale    14 

3.  Sandstone 11 

4.  Shale 18 

5.  Limestone 6 

0.  Shaly  sandstone 18 

7.  Limestone  and  shale 20 

a  Coal,  Sewlckley  (Meigs  Creek) 

9.  Shales  and  limestone 26 

10.  Shales 40 

11.  Sandstone 19 

12.  Shales '. 4 

13.  Coal,  Pittsburgh,  thin 

Total 


FL  in. 

4 


}  » 


2     6 


L     88 


190     6 


The  thickness  here  given  is  60  to  60  feet  less  for  the  entire  series  than 
that  usually  found  in  any  other  portion  of  the  Appala- 
chian field. 

Section  at  Burning  Springs,  West  Virginia. — In  the  vi- 
cinity of  Burning  Springs,  Wirt  County,  West  Virginia, 
these  rocks  are  brought  above  the  surface  by  the  same 
anticline,  and  there  Mr.  Minsball  reports  the  following 
structure  (Fig.  24) :  . 

Burning  Springs,  JFirt  County,  West  Virginia. 

[See  map,  Pg.] 

Ft.  in. 

1.  Coal,  Waynesbarg 1    8 

2.  Concealed  and  shales 207 

3.  Sandstone,  PltUbnrgh 30 

4.  Shales 10 

5.  Coal,  Pittsburgh 1    8 


Total. 


290    4 
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Fig.  24.— Seclioii  ^i 
Burning  SpriQi::; 
W.Va.*    *^ 
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Both  here  and  all  along  the  Volcano  anticline  the  Pittsburgh  coal 
iH  very  poorly  developed,  as  shown  in  this  and  the  previous  section, 
and  it  is  frequently  absent  entirely. 

Section  on  Leading  Creelcy  West  Virginia.-^lSQB^r  Leading  Greek  post- 
office,  at  the  eastern  edge  of  Gilmer  County,  West  Virginia,  this  series 
shows  thus  (Fig.  25) : 

Leading  Creek,  Gilmer  County,  West  Virginia* 


[SeemAp,PJ.] 


AH' 


40' 


1.  Waynesbarg  coal  horizon  (absent) 

2.  Sbalea 

3.  Limestone,  brecciated 

4.  Shalosand  concealed 

5.  Sandstone,  yellow,  massive,  soft, pebbly 

6.  Shales 

7.  Limestone,  impnre 

8.  Shales 

9.  Sandstone,  massive 

10.  Shales 


in^mm^* 


Fio.    26 — Section    on 
Irtsading  C  reek,  W.Y  a. 


11.  Coal,  Pittsborgh . 


Coaly  shales.. 2'    0" 

Clay C  10" 

Bony  coal...  C    6'' 

Coal 2'    4" 

;  Bony  slate. -.0'    4"  | 
I  Coal 2'    Q") 


Total. 


Fe£t. 
0 

10 

3 

35 

40 

10 

2 

40 

40 

55 


243 


Section  at  Antiquity ^  Ohio, — Along  the  Ohio  Eiver,  below  where  the 
Volcano  arch  crosses,  the  Upper  Goal  Measures  again  plunge  under 
water  level,  and  do  not  emerge  again  till  we  come  to  the 
vicinity  of  Antiquity,  Meigs  County,  Ohio,  100  miles  be- 
low. A  shaft  to  the  Pittsburgh  bed  (130  feet  under  river 
level),  taken  in  connection  with  the  surface  exposures 
there,  reveals  the  following  succession  (Fig.  26) : 

Antiquity,  Meigs  County,  Ohio. 

[See  map,  Pe.] 

Ft.  in. 

1.  Waynesbnrg  eoal  (absent) 0 

2.  Shales  and  sandstones 172 

3.  Sandstone,  massive,  Pittsburgh '. . . .    70 

4.  Shales,  with  fossil  plants 10 

iCoal 2'    G") 
Slate. ...0'    2"> 5    8 
Coal 3'    0") 

Total 257    8 

^^  ^ 

Fio.    26. —  Section 
at  Antiquity,  Ohio. 

Section  at  Hartford  City^  West  Virginia, — Six  miles  below  the  shaft 
at  Antiquity,  and  in  the  vicinity  of  Hartford  City,  the  Pittsburgh  coal 
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comes  above  water  level.    In  the  steep  bluffs  above  Hartford  the  fol- 
lowing succession  (Fig.  27)  was  observed  : 


Hartford  City,  Ma$on  County^  West  Virffinia. 


[See  map,  P  d.] 


Ft^  in. 
0 


Fio.  27.— Section  at 
Hartford  City, 
W.Va. 


1.  Wajfnesburg  ooal  (absent) 

2.  Rcdahale   -- 

3.  Shale,  gray 

4.  Sandatoue 

6.  Sbales,  brown,  aandy 

6.  Shales,  red 

7.  Conceal©*! 

8.  Ked  shale,  with  limeBtone  nodules 

9.  Sandstone ^ 

10.  Shales,  variegated  with  limestone  nodnles  near  base 

11.  Concealed 

12.  Red  shale 

13.  Concealed 

U.  Shale,  red 

15.  Sandstone,  massive,  Pittsburgh 

16.  Shales,  gray,  fossil  planU 

17.  Coal,  Pittsburgh 


10 
5 
6 

10 
2 

14 


5 
20 
15 
70 
15 

5    6 


Totol  . 


255    G 


Section  at  Arbuckle,  West  Virginia—In  the  viciuity  of  Arbackle. 
Mason  County,  Weat  Virginia,  on  the  Great  Kanawha  Biver,  and  li> 
miles  above  its  mouth,  the  Waynesburg  coal  makes  its  appearance  in 
the  section.  Here  the  following  structure  (Fig.  28)  was  obtained  for 
the  series,  by  combining  the  surface  exposures  with  the  record  of  :. 
boring  made  by  Mr.  Craig : 


JrhtmM*,  Mason  County,  Wett  Virginia. 


[See  map,  Q  e.] 

fC<»l,el«tT 0'  10"1 

1.  Waynesbnrgcoal..    ShaKdar^^^  ^ 

lCoal,5aty C    5"J 

2.  Shales,  sandstone,  and  concealed 

3.  Sandstone,  blue ' 

4.  Shales,  red " 

5.  Sandstone,  blue,  hard 

6w  Variegated  shales 

7.  Coal,  Sewickley 

8.  Sandstone 

9.  Shales,  red - 

10.  Shales,  variegated 

11.  Fire  clay,  impure  (Redstone  coal) 

12.  Sandstone,  coarse,  white,  Pittsburgh 

13.  Fire  clay  and  shale  with  a  little  sUty  coal  at  bottom,  Pittsburgh. 


Total. 


Fig.  28.— Section 

at  Arbuckle,W 

281     Va. 


Here  there  is  practically  no  merchantable  coal  in  the  whole  series, 
since  the  Waynesburg  bed,  although  3  feet  thick,  is  poor  and  slalj. 
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The  locality  is  near  the  center  of  the  deepest  portion  of  the  Appalachian 
trough,  and  the  horizon  of  the  Pittsburgh  coal  is  90  feet  under  the  Ka- 
nawha. A  hole  was  drilled  as  a  test  for  this  coal,  but  the  result  proved 
only  a  trace  of  it  present. 

Section  at  mouth  of  Big  Hurricane  Creek^  Putnam  Pounty,  West  Vir- 
ginia. — Southward  up  the  Kanawha  Eiver  from  Arbuckle,  the  locality 
of  Section  28,  the  rocks  rise  and  the  entire  series  comes  above  water 
level  at  the  mouth  of  Big  Hurricane  Creek,  in  Putnam  County.  Here, 
^^^^  32  miles  from  the  mouth  of  the  Big  Kanawha,  the  fol- 

^f^-- r-  r^         lowing  succession  may  be  seen  (Fig.  29) : 

Mouth  of  Big  Hurricane  Creek,  Putnam  County,  West  Virginia. 


[See  map,  Rd.] 


1.  Wavnesburji^  opal  (absent) . 

2.  Shales,  red  and  eandy 

3.  Sandy  ahales 

4.  Saudstone,  massive. 


Ft.  in. 

0 

35 

i 20 

30 

6.  Coal,  Uniontown  Q     6 

6.  Red  shales,  with  limestone 10 

7.  Shales,8andy li) 

8.  Concealed 10 

9.  Shales,8andy 10 

10.  Concealed  and  red  shales 20 

11.  Sandstone,  massive 20 

12.  Concealed 20 

13.  Sandstone,  massive • 35 

14.  Shale,  with  iron  ore 12 

15.  Sandstone 18 

rCoal 0'  10' 

Shales 5'    0' 

16.  Coal,  Pittsburgh,  roof IJSSii'o^^-:};    's' 

I  Slate,  black  ..2'    0" 
I  Fire  clay 1'    3' 


11'    9" 


Fio.  29.— Section  at 
moath  of  BigHarri- 
cane  Creek,  W.Va. 


SCoal 3' 
Slate... 
Coal.... 


3'  3") 
0'  2"S 
C    6") 


I 


15     8 


3'    11"  j 


Total 266      2 


The  Pittsburgh  coal  is  patchy  all  through  this  region, 
being  workable  on  some  farms  and  absent  on  others. 

Section  opposite  Winfieldj  West  Virginia, — As  showing 
the  unreliable  character  of  the  coals  in  this  series  along 
this  portion  of  the  Kanawha,  the  section  (Fig.  30)  of  the 
rocks  opposite  Winfleld,  Putnam  County,  6  miles  above 
Big  Hurricane,  is  given : 


Opposite  Winfield,  Putnam  County,  West  Virginia, 
[See  map,  S  e.l 


Waynesbarg  coal  (absent)  . 
2.  Shales,  red,  with  limestone  nodnlee. 


3.  Sandstone,  shaly  . 

4.  Concealed 

6.  Red  shale 

0.  Sandstone,  flagK J 

7.  Red  shales,  with  limestone 

a  Sandstone,  shaly 

9.  Red  shale 

10.  Sandstone,  shaly 

11.  Red  shales 

12.  Sandstone,  flaccgy 

13.  Concealed 

14.  Red  shale,  with  limestone  nodules  near  base . 

15.  Sandstones,  red,  and  ([ray  shales 

16.  Fire  clay,  place  for  Pittsburgh  coal 


Total. 


Ft. 
0 
5 
10 
10 
10 
30 
10 
20 
25 
10 
10 
10 
10 
15 
75 
0 

250 


M 


Fig.  30.— Section 
opposite  Will, 
field,  W.  Va. 
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This  section  was  measured  in  the  steep  hill  at  EchI  House  Station,  on 
the  Kanawha  and  Ohio  Railroad,  and,  as  may  be  seen,  the  series  does 
not  there  contain  any  coal  whatever. 
Section  near  Bayniond  City^  West  Tiri/inui.— Farther  np  the  ELanawha 
the  Pittsburgh  coal  again  comes  in,  and  the  follow- 
ing structure  (Fig.  31)  is  found  in  the  vicinity  of 
^  Raymond  City,  6  miles  above  Winfield : 


Near  Raymond  Cityy  Putnam,  County,  West  Virginia. 
(See  map,  Se.] 


i»ii\1 


Fio.   31.- 
Baymond 


-  Section 
City.W. 


near 
Va. 


1.  Wayneaba rg  coal  (abaent) 

2.  Concealed,  wltb  red  abale 

3.  Bedahale 

i.  Sandstone,  gray,  mioaceona 

5.  Limetone,  in  red  ahole 

«.  Bad  abale 

7.  Sandy  abale,  gray 

8.  Sbale,  red 

9.  Sandy  abalea.  y ello wisb  gray 

10.  Black  abale.  Redstone  coal 

11.  Sandstone.  PitUborgb 

12.  Sbalea 

(Coal (y    4" 

I  Sbale 0'    4" 

JCoal V    6" 

•"^  Sbale 0- 

Coal,  sUty 
(Fine  clay. 

fCo^good 

14.  Coal.  Pittsborgh,  main  bencb .  <  Slate 

(Coal,  slaty 


18.  Coal,  Pittabnrgb,  roof . . 


....  il 

...r  c 
...1-  «"J 

...6'    0") 
...0'  10"  J 


3'    9' 


6'  10J"j 


I^  in. 
0 

oo 
ae 

4 

5 
15 
80 
40 
45 

2 
40 
10 


10    7| 


Total 291    7| 

Section  in  vioinity  of  Western  Port^  Maryland. — In  the  Onmberland  or 
Georges  Greek  basin,  the  Upper  Coal  Measures  ex- 
hibit the  following  structure  (Fig.  32),  as  observed 
in  the  vicinity  of  Western  Port,  Mar^rland : 


Vicinity  of  Western  Port,  Alleghany  County j  Maryland. 

[See map,  Np.] 

Ft.  in. 

1.  Waynesbnrg  coal  (not  seen) 0 

2.  Concealed  and  abales 130 

8.  Coal,  Sewickley 6 


4.  Sbalee  and  concealed 

{Coal (y 
cwj*.!;.'.*."'. * 
Sbale' '.'I.*!." 


V    0"( 

r  0") 


6'  8' 


fCoal ., 
I  Slate  . 
I  Coal. 


CO"! 

0'    2" 

0'    9"  I 

0'    i">   13'  7i"J 


115 


20    3i 


6.  Coal,  Pittabnrgb,  main  bencb  <  Slate 

I  Coal 2'  0"| 

I  Black  slate    ....  O'  6"  I 

I  Soft  coaly  shale.  0'  2"j 

Total 270    8i 


Fio.     32.  — Section 
near  Western  Port.  Md. 
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Prom  the  foregoing  sections  it  will  be  perceived  that  the  beds  in  the 
Upper  Goal  Measures  which  have  received  distinct  names  are  in  de- 
scending order  as  follows : 


Waynesbarg  ooal. 
Browntown  sandstone. 
Little  Waynesbarg  coal. 
Waynesbnrg  limestone. 
Union  town  sandstone. 
Union  town  ooaL 
Uniontown  limestone. 
Great  limestone. 


Sewickley  sandstone. 
Sewickley  coal. 
S6wickley  limestone. 
Redstone  ooal. 
Redstone  limestone. 
Pittsburgh  sandstone. 
Pittsburgh  coaL 


These  several  beds  we  shall  now  notice  more  in  detaiL 

OHARACTERISTIO  HORIZONS. 
THE  WAYNE8BURG  COAL. 

This,  the  highest  member  of  the  series,  is  generally  quite  persistent 
aronnd  the  northern  end  of  the  coal  field,  but  followed  southward 
through  West  Virginia  it  soon  becomes  patchy  and  interrupted,  so  that 
beyond  the  line  of  Marion  County  the  coal  is  only  occasionally  present 
along  the  eastern  and  central  portions  of  the  Upper  Goal  Measure  belt, 
its  horizon  being  frequently  occupied,  as  at  Harrisville,  Ritchie  County^ 
by  a  brecciated  limestone. 

On  the  Great  Kanawha  this  coal  occurs  near  the  center  of  the  Appa- 
lachian trough  over  a  small  area  in  the  vicinity  of  Arbuckle,  and  its 
structure  there  is  given  in  Section  28. 

Along  the  western  side  of  the  field,  down  the  Ohio  Biver  and  across 
southern  Ohio,  this  coal  is  fairly  persistent.  It  dips  under  the  Ohio 
Biver  at  New  Martinsville,  but  rises  to  daylight  again  near  St.  Mary's, 
where  it  is  only  1  to  3  feet  thick,  and  quite  sulphurous. 

In  the  Macksburg  oil  region  it  ih  the  principal  bed,  according  to  the 
Ohio  geologists,  and  has  a  thickness  of  4  feet. 

This  coal  is  almost  universally  double,  being  separated  into  two  layers 
by  a  division  of  shale  and  slate.  This  is  so  common  at  the  northern  end 
of  the  field  that  it  is  known  there  as  the  "  horse-back  ^  vein.  In  Mo- 
nongalia and  Greene  Gounties  the  bed  is  often  8  to  10  feet  thick  and. 
separated  into  three  layers,  the  upper  division  of  slate  being  very  fos- 
siliferous,  and  often,  as  at  Gassville,  West  Virginia,  containing  many 
insect  remains,  together  with  fossil  plants. 

The  ooal  from  this  bed  is  usually  rather  hard,  and  comes  out  in  large 
blocks ;  but  it  frequently  contains  inj  urious  quantities  of  sulphur.  This 
renders  it  unfit  for  smithing,  as  well  as  for  the  manufacture  of  coke  aud 
gas,  but  it  is  generally  a  useful  fuel  for  steam  and  domestic  purposes. 

IKON  ORB. 

The  shales  which  underlie  the  Waynesburg  coal  sometimes  contain 
a  considerable  quantity  of  iron  nodules,  and  they  were  once  mined  in 
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Morgan  Township,  Greene  County,  Pennsylvania,  and  used  in  maca- 
facturing  iron.  The  same  ore  occurs  near  Bethel  Church,  Cass  District, 
Monongalia  County,  at  15  to  20  feet  below  the  coal. 

THE  BBOWNTOWN  8AJa>6TONB. 

In  many  portions  of  Marion  and  Harrison  Counties,  West  Virginia, 
the  interval  beginning  5  to  10  feet  below  the  Waynesburg  coal  is  occd- 
pied  by  a  hard,  gray,  massive  sandstone,  20  to  35  feet  thick.  It  h 
finely  exposed  along  the  bed  and  bluffs  of  Ten  Mile  Creek,  at  and  below 
Browntown,  Harrison  County,  West  Virginia,  and  has  been  desip^^ated 
from  that  locality.  The  deep,  rocky  cuts  along  the  Baltimore  and  Ohio 
liailroad,  beginning  1  mile  east  of  Mannington,  Marion  County,  and 
extending  to  the  mouth  of  Mod's  Bun,  are  all  in  this  sandstone.  It  is 
sometimes  called  the  <<  Gilboy  ^  sandstone,  from  a  rocky  cut  of  that 
name  near  Mannington.  This  is  nearly  always  a  water-bearing  stratum, 
and  the  oil  weUs  of  Marion  County  have  to  be  cased  below  this  rock  in 
order  to  shut  off  the  fresh  water. 

THK  UTTLE  WAYNESBUB6  COAL. 

At  many  localities  around  the  northern  end  of  the  Upper  Coal  Meas- 
ure area  a  thin  streak  of  coal  or  bituminous  slate  occurs  at  25  to  4<) 
feet  below  the  Waynesburg  coal,  and  it  was  termed  the  Little  Waynes- 
burg coal  by  Prof.  Stevenson.  It  seldom  exceeds  1  foot  in  thickness, 
and  is  of  no  economic  importance.  It  is  usually  separated  from  the 
main  coal  above  by  shales  and  sandy  beds,  and  should  probably  be 
regarded  as  an  offshoot  from  the  Waynesburg  coal  proper.  It  is  seldom 
seen  south  from  the  Pennsylvania  line,  though  it  occurs  along  the  Ohio 
Biver  at  several  places. 

THE  WAYNESBURG  LIMESTONE. 

Directly  under  the  last  described  stratum  there  occurs  a  limestone 
of  very  wide  distribution.  Its  place  is  generally  about  40  feet  below 
the  Waynesburg  coal,  though  sometimes  it  is  less,  and  occasionally  a 
few  feet  more.  It  is  usually  of  a  dark  gray  color,  and  several  of  the 
layers  make  excellent  lime  for  agricultural  and  building  purposes.  The 
thickness  in  Pennsylvania  and  northern  West  Virginia  is  seldom  less 
than  8  feet,  and  frequently  double  that,  but  south  westward,  toward  the 
Great  Kanawha  region,  the  limestone  disappears  entirely. 

THE  UNIONTOWN  SANDSTONE. 

At  60  to  76  feet  below  the  top  of  the  series  there  frequently  occurs 
a  massive,  gray  sandstone  whose  horizon  comes  immediately  above  the 
Uniontown  coal ;  and  hence,  although  the  stratum  in  question  is  not 
prominent  at  Uniontown,  it  has  been  designated  from  its  relations  to 
the  underlying  coal. 

The  rock  has  occasionally  been  mistaken  for  the  Waynesburg  sand- 
stone, which  belongs  nearly  100  feet  above.    It  is  w^  exi>osed  at  Bob- 
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town,  Greene  County,  Pennsylvania,  where  it  crowns  the  summit  of  the 
hill  overlooking  Dunkard  Creek  as  a  bold  cliflF. 

In  the  Georges  Creek  coal  field  a  massive  sandstone  occurs  260  feet 
above  the  Pittsburgh  coal,  and  it  was  once  referred  by  the  writer  to 
the  Uniontown  horizon  under  the  name  of  "  Westemport  sandstone," 
but  subsequent  study  seems  to  place  it  in  the  horizon  of  the  Waynes- 
barg  sandstone. 

THE  UNIONTOWN  COAL. 

This  bed  underlies  the  Waynesburg  coal  by  an  interval  of  80  to  100 
feet,  and  is  of  economic  importance  only  in  Fayette  and  Washington 
Counties,  Pennsylvania.  It  was  named  by  Rogers  from  Uniontown, 
Fayette  County,  where  it  is  well  exposed.  The  thickness  seldom  ex- 
ceeds 3  feet,  even  in  the  region  of  its  best  development,  and  the  coal 
has  never  been  used  except  for  domestic  purposes,  since  it  is  usually 
neglected  for  the  great  Pittsburgh  bed  below.  It  often  coutains  a 
clay  or  slate  parting  near  the  center,  4  to  6  inches  thick,  and  is  rather 
too  rich  in  ash  for  a  first-class  fueL 

Southward  from  Fayette  County,  through  Greene,  Monongalia,  Mar- 
ion, and  Harrison,  this  coal  thins  away  to  a  bed  of  black  slate  mixed 
with  slaty  coal  that  is  often  rich  in  fish  remains  and  bivalve  crusta- 
ceans, which  may  be  found  in  abundance  near  Davistown,  Greene 
County,  Pennsylvania. 

Along  the  Ohio  River  at  Wheeling,  Bellaire,  Clarington,  and  other 
pointe,  this  bed  is  sometimes  represented  by  a  thin  streak  of  black  slate 
or  coal.  In  the  Salisbury  basin  of  Pennsylvania  it  is  recognized  by 
Messrs.  Piatt,  and  is  there  over  3  feet  thick,  with  slate  near  center. 

THE  UNIONTOWN  LIMK8TONE. 

To  the  division  of  the  "  Great"  Limestone  which  immediately  under- 
lies the  last  described  coal  bed.  Dr.  Stevenson  gave  the  name  Union- 
town,  since  it  seems  to  be  fairly  well  separated  from  the  great  mass  of 
limy  deposits  below.  This  division  is  usually  10  to  15  feet  thick,  though 
occasionally  it  surpasses  these  figures.  The  rock  is  frequently  impure 
and  of  a  huffish  color,  being  magnesian,  and  occasionally  a  good  cement 
rock,  as  at  Uniontown,  Pennsylvania.  This  is  the  only  member  of  the 
"  Great ''  Limestone  which  appears  to  be  persistent  from  the  Pennsyl- 
vania line  southward  across  West  Virginia  to  the  Big  Kanawha  River, 
since  an  impure  limestone  only  2  to  5  feet  thick  occurs  at  this  horizon 
in  the  vicinity  of  Raymond  City  and  other  points  in  that  region. 

In  the  Salisbury  basin  this  limestone  occurs  only  160  feet  above  the 
Pittsburgh  coal,  and  is  10  to  12  feet  thick,  according  to  Piatt. 

THE   **  GREAT"   LIMESTONE. 

This  name,  given  by  Rogers,  is  generally  applied  to  all  of  the  great 
mass  of  lime  deposits  which  intervene  between  the  Uniontown  and 
JSewickley  coals,  though,  as  already  stated,  the  name  Uniontown  is  now 
given  to  the  uppermost  division  of  the  same.  Digitized  by  CjOOglC 
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At  many  localities  in  Greene,  AVashington,  Fayette,  and  Monon^lia 
Goanties  there  are  nearly  160  feet  of  limestones  and  limy  shales  at  this 
horizon,  and  the  same  beds  hold  their  place,  though  with  diminished 
thickness,  across  to  the  Ohio  River  at  Wheeling.  Westward  and  soath- 
ward,  however,  from  Ohio  and  Marion  Ooanties,  these  limestones  disap- 
pear very  rapidly,  so  that  at  Clarksburg  on  the  one  hand,  and  west- 
ward throagh  Ohio  on  the  other,  they  have  practically  disappeared, 
and  in  their  stead  we  find  shales,  gray  at  first,  but  gradaally  getting 
reddish  toward  the  Little  Kanawha  Eiver  and  the  western  margin  of 
their  ontorop  in  Ohio.  On  the  Big  Kanawha  much  red  shale  occurs  at 
this  horizon.  These  limestones  are  of  different  qualities,  some  of  the 
layers  being  qnite  pure  and  forming  good  fluxes  for  iron,  while  others 
are  magnesian  and  make  excellent  hydraulic  cements. 

The  only  fossils  ever  seen  in  any  of  these  limestone  beds  are  fish  re- 
mains and  minnte  ostracoids. 

TUB  SBWICKLET  SANDSTONE. 

At  many  localities  where  the  "  Great  ^  Limestone  is  well  developed 
there  are  no  other  beds  except  limestones  and  shales  in  all  of  the  inter- 
val between  the  Uniontown  and  Sewickley  coals,  but  in  other  regions 
a  sandstone  frequently  makes  its  appearance  just  above  the  Sewickley 
coaL  This  has  been  called  the  Sewickley  sandstone,  and  while  it  is 
often  flaggy,  yet  again  it  becomes  massive,  and  even  pebbly,  varying 
in  thickness  from  20  to  60  feet.  Its  massive  character  is  well  shown 
along  the  Monongahela  River  between  Morgantown  and  Fairmont,  in 
the  vicinity  of  the  Big  Falls. 

THR  SEWICKLEY  COAL. 

Directly  under  the  Sewickley  sandstone,  or  in  its  absence  the  '^Ortot  ^ 
Limestone,  there  comes  the  Sewickley  coal,  a  bed  which  is  widely  per- 
sistent, though  the  area  where  it  is  valuable  is  not  so  large. 

The  bed  attains  its  maximum  thickness  and  importance  along  the 
Monongahela  Biver  in  Greene,  Monongalia,  and  Marion  Counties,  being 
there  5  to  6  feet  thick,  with  only  one  slate  parting  of  2  to  3  inches  near 
the  center.  The  coal  is  generally  high  in  both  ash  and  sulphur,  bat  is 
open-burning  and  makes  a  rather  fair  domestic  fuel. 

The  following  represents  the  general  structure  of  this  bed  along  the 
Monongahela  Eiver  in  Marion  and  Monongalia  Counties : 

FL  in. 
Coal 2     «^ 

Slate 0    2>    6'    6" 

Coal 2    ej 

Followed  down  the  Monongahela  River,  the  bed  retains  about  the 
same  structure  as  far  as  the  mouth  of  Whitely  Creek,  Greene  County, 
Pennsylvania,  when  the  slate  partings  thicken  up,  and  new  ones  come 
in  and  dissipate  the  coal  in  several  thin  layers  through  25  feet  of  rock 
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material,  and  from  thence  on  down  that  river  it  is  of  no  importance. 
But  followed  in  the  other  direction,  up  the  Monongahela,  this  bed  hold^ 
a  thickness  of  5  to  G  fejet  throuj^h  Marion  County  until  the  Harrison 
County  line  is  approached,  when  it  again  splits  up  into  three  or  four  di- 
visions separated  by  several  feet  of  shales  and  slates,  and  when  Clarks- 
burg is  reached  there  remains  only  1  foot  of  coal  at  this  horizon  (Sec- 
tion 18),  which  soon  disappears  entirely  toward  the  southwest. 

From  the  Monongahela  region  this  coal  dips  dow^i  we^stward  under 
the  great  mantle  of  Permo-Carboniferous  beds,  and  when  it  reappears 
on  the  Ohio  River,  in  the  vicinity  of  Wheeling  (Section  19),  Bellaire 
(Section  20),  and  Pipe  Creek  (Section  22),  we  find  it  split  up  again  into 
three  or  four  layers,  and  the  separating  slates  several  feet  thick,  thus 
giving  the  whole  bed  a  thickness  of  20  to  30  feet,  with  the  main  coal 
layer  at  the  top. 

This  uppermost  division  of  the  Sewickley  is  separated  from  the  Pitts- 
burgh below  by  an  interval  of  80  to  100  feet,  and  attains  considerable 
importance  in  the  counties  of  Belmont,  Harrison,  Guernsey,  Monroe, 
Morgan,  Muskingum,  Noble,  etc.,  and  has  there  been  mined  under  a 
variety  of  names,  among  which  are  "  Upper  Barnesville,''  "  Upper  Bel- 
laire,'' '^Cumberland,"  "  Meigs  Creek,"  and  several  others.  Prof.  Orton, 
while  intimating  its  identity  with  the  Sewickley  of  Pennsylvania  (Vol. 
V,  page  1069,  Ohio  Geology),  prefers  to  call  it  by  the  name  of  Meigs 
Creek,  from  a  stream  in  Morgan  County  along  which  it  is  well  devel- 
oped. 

Throughout  much  of  this  Ohio  region  the  coal  is  3  to  4^  feet  thick, 
and  nearly  always  has  a  clay  or  bony  streak  near  its  center.  It  also 
frequently  has  a  rider  coal  in  the  roof,  and  the  entire  bed  is  rather  rich 
in  ash  and  sulphur,  according  to  Orton. 

In  Payette  County,  Pennsylvania,  the  Sewickley  coal  has  a  thickness 
of  4  to  5  feet  through  several  townships,  according  to  Stevenson,  but 
northward  through  Westmoreland  it  thins  down  and  is  unimportant. 
It  is  scarcely  known  in  the  Ligonier  basin,  but  in  that  of  Salisbury  is 
2  feet  thick  and  90  feet  above  the  Pittsburgh. 

In  the  Georges  Creek  basin  of  Maryland  and  West  Virginia  the  bed 
is  5  to  7  feet  thick,  90  to  115  feet  above  the  Pittsburgh,  and  an  excellent 
coal  for  steam  purposes. 

The  oil-borings  across  Monongalia  and  Marion  Counties  reveal  this 
coal  present  in  good  thickness  10  to  15  miles  west  from  the  Mononga- 
hela Eiver,  and  100  to  110  feet  above  the  Pittsburgh  coal.  The  oil 
drillers  usually  call  it  the  "Mapletown''  coal,  from  a  locality  in  Greene 
County  where  it  is  mined. 

THE  SEWICKLEY  LIMESTONE. 

Th  interval  between  the  Sewickley  coal  and  the  one  next  below  is 
often  occupied  largely  by  limestone,  especially  in  Greene,  Fayette. 
Washington^  Monongalia,  and  Marion  Counties,  and  to  the  one  which 
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comes  next  below  tbe  coal  Messrs.  Piatt  liave  giveu  the  name  Si' 
wickley.  It  has  also  been  termed  the  Pishpot  Limestouo  by  See 
vensou,  from  a  small  stream  in  Washington  Coauty.  I  have  deemed  ir 
preferable  to  apply  the  name  Se wickley  to  the  whole  limestoue  gronp 
which  lies  between  the  Sewickley  and  Bedstone  coal  beds.  This  inter 
val  is  40  to  60  feet  thick  and  sometimes  contains  two  beds  of  sandstone 
intercalated  with  the  limestones.  Along  the  Monongahela  Kiver  in 
Greene,  Monongalia,  and  Marion  Gonnties,  these  limestones  are  well 
developed,  and  many  of  the  layers  furnish  excellent  lime  for* mortar  and 
agricnltural  uses,  while  near  the  base  of  the  group  occur  some  excellent 
limestone  flags  at  Laurel  Point,  Monongalia  County. 

The  only  fossils  ever  noted  in  these  beds  ar^e  minute  fresh-water  types. 

These  limestones  disappear  southward  from  Harrison  County,  West 
Virginia,  there  being  only  9  feet  of  them  in  the  Clarksburg  section,  and 
none  on  the  Little  and  Big  Kanawha  Rivers.  The  same  thing  takes 
place  in  Ohio,  westward  from  Washington  County,  the  interval  being 
occupied  by  shales  and  sandstones. 

In  Pennsylvania  this  Sewickley  limestone  holds  a  prominent  place 
eastward  from  Washington  and  Greene,  through  Fayette,  Westmore- 
land, and  Somerset  Counties. 

THE  REDSTONE  COAL. 

In  Fayette  County,  Pennsylvania,  a  small  coal  was  found  cropping 
out  along  Bedstone  Greek,  at  an  interval  of  40  to  45  feet  above  thl* 
Pittsburgh,  and  this  was  named  from  that  stream  by  the  geolog^ts 
of  the  First  Pennsylvania  Geological  Survey. 

Monongalia  is  the  only  county  in  West  Virginia  where  this  bed  is 
workable,  it  being  there,  on  Scott's  and  Robinson's  Euns,  4  to  5  feet 
thick  and  of  fair  quality,  though  having  rather  too  much  sulphur  and 
ash  for  manufacturing  purposes.  It  is  also  workable  in  several  town- 
ships of  Fayette  and  Westmoreland,  being  3  to  4  feet  thick.  In  the 
Salisbury  basin  of  Somerset  County,  Messrs.  Piatt  identiiy  the  Red- 
stone coal  as  a  slaty  bed,  4  feet  thick,  at  45  feet  above  the  Pittsburgh. 
It  has  not  been  reliably  reported  from  the  Georges  Creek  field  unless 
it  be  represented  by  one  of  the  rider  layers  in  the  roof  of  the  Pitts- 
burgh bed. 

In  the  vicinity  of  Wheeling,  Bellaire,  and  other  points  on  the  Ohio 
River,  this  bed  is  only  a  few  inches  thick,  never  becoming  workable 
anywhere  in  Ohio. 

Through  central  West  Virginia,  beyond  the  Little  Kanawha,  its  pres- 
ence is  unknown  except  by  a  bed  of  black  slate  which  is  occasionally 
seen  at  this  horizon. 

THE  REDSTONE  IJMESTONE. 

At  many  localities  along  the  Monongahela  River  in  Harrison,  Marion, 
Monongalia,  Greene,  Washington,  Fayette,  and  Westmoreland  Conn- 
ties,  there  occurs  a  bed  of  limestone  often  10  to  20  feet  thick,  and  im- 
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mediately  auderlyiug  the  Redstone  coal.  From  this  latter  fact  it  was 
termed  the  Bedstone  limestone  by  Messrs.  Piatt,  who  find  the  same 
bed  in  Somerset  County,  40  to  45  feet  above  the  Pittsburgh  coal.  It 
often  contains  several  layers,  which  make  fairly  good  lime  for  many 
i>urpo8es,  and  is  occasionally  used  for  flux  in  iron  furnaces. 

This  limestone  is  also  in  great  force  in  the  vicinity  of  Wheeling,  Bel- 
laire,  and  vicinity,  where  it  occupies  nearly  the  entire  interval  between 
the  Bedstone  and  Pittsburgh  coals,  and  is  extensively  quarried  as  a 
flux  for  the  furnaces  there. 

It,  like  all  the  other  limestones,  disappears  sonthwestward  through 
West  Virginia,  and  is  not  known  beyond  the  Little  Kanawha  Biver. 

THE  PITTSDrnOH  SANDSTONE. 

Very  frequently,  and  especially  when  the  Bedstone  limestone  is  well 
developed,  there  is  nothing  but  shales  intervening  between  it  and  the 
Pittsburgh  coal,  but  when  the  limestone  is  absent,  or  but  poorly  repre- 
sented, there  is  often  present  a  coarse,  massive  sandstone  immediately 
above  the  Pittsburgh  coal,  and  to  this  Mr.  H.  D.  Bogers  long  ago  gave 
the  name  of  Pittsburgh  sandstone.  It  varies  in  thickness  from  25  up 
to  70  feet,  and  is  usually  coarse,  friable,  and  often  pebbly.  Good  build- 
ing stone  has  never  been  obtained  from  it,  since  it  yields  so  readily  to 
atmospheric  agencies. 

This  rock  is  especially  massive  in  the  vicinity  of  Hartford  City, 
Pomeroy,  and  other  contiguous  regions,  and  the  same  may  be  said  of 
the  eastern  line  of  its  outcrop  from  Pennsylvania  clear  across  West 
Virginia  to  the  Kentucky  border. 

In  the  Georges  Creek,  Salisbury,  and  Ligonier  basins,  however,  this 
rock  makes  but  little  show  in  the  topography,  its  place  being  occupied 
by  soft  shales. 

THE  PITTSBURGH  COAL. 

The  last  and  lowest  member  of  the  Upper  Coal  Measures  is  the  cele- 
brated Pittsburgh  bed,  the  most  important  mineral  deposit  of  the  Ap- 
palachian field. 

It  was  formerly  thought  that  this  coal  bed  was  entirely  persistent; 
that  wherever  its  horizon  was  to  be  found,  there  the  coal  might  be 
expected  with  absolute  certainty.  This  generalization,  however,  was 
founded  on  data  obtained  only  from  the  northern  half  of  its  area.  In 
Pennsylvania,  for  instance,  no  area  has  yet  been  disco vere<l  where,  at 
the  proper  geological  horizon  for  this  bed,  it  does  not  exist.  Even  in 
central  Greene,  at  a  depth  of  1,500  feet  below  the  Permo-Carboniferous 
summits,  the  drill  of  the  petroleum  seeker  invariably  finds  this  coal 
bed,  while  the  isolated  peak  of  Bound  Top,  in  the  Broad  Top  coal  basin 
of  Bedford  County,  50  miles  distant  from  any  other  outcrop  of  the  coal, 
likewise  contains  it.  But  when  we  pass  sonthwestward  across  the  West 
Virginia  and  Ohio  coal  field,  Pennsylvania  conditions  of  course  continue 
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for  many  miles,  bat  ultimately  there  oomes  a  change,  and  when  we  look 
for  the  Pittsbnrgh  bed  it  is  gone,  or  so  reduced  in  thickness  that  the 
geologist  can  only  recognize  it  by  its  associated  rocks.  The  region  of 
country  covered  by  this  barren  area  is  quite  extensive,  and  seems  to 
be  rudely  coincident  with  the  line  of  the  Volcano  or  Burning  Springs 
anticlinal  of  West  Virginia. 

The  following  counties  in  that  State  have  the  coal  but  poorly  devel- 
oped or  wanting  at  the  horizon  where  it  belongs :  Calhoun,  Roane, 
Wirt,  Kitchie,  Pleasants,  and  Wood.  This  belt  projected  northward 
through  Ohio  takes  in  the  counties  of  Washington,  Noble,  and  Mor- 
gan, in  all  of  which  the  coal  is  thin  or  wanting  altogether*  Thus  it 
happens  that  over  a  belt  of  country  30  to  50  miles  wide,  and  running 
nearly  north  and  south  across  the  Appalachian  coal  field,  the  spread 
of  this  bed,  so  even  and  persistent  at  the  north,  is  here  irregular,  inter- 
rupted, and  wanting.  West  from  this  belt  the  coal  comes  in  again  and 
is  fairly  regular  in  parts  of  Kanawha,  Putnam,  and  Mason  Ooanties, 
east  from  the  Bi^  Kanawha ;  but  west  from  that  stream  the  bed  is  thin, 
patchy,  and  of  little  importance  through  Oabell  and  Wayne,  till  it  dis- 
appears from  the  center  of  the  great  Appalachian  trough  in  the  hilltops 
overlooking  the  Big  Sandy  Kiver. 

In  Ohio,  also,  a  considerable  area  of  this  coal  comes  in  west  from 
the  barren  belt,  and  extends  through  Meigs  and  Athens  Counties  with 
fairly  good  thickness,  but  westward  from  them,  in  Gallia,  the  coal  is 
again  thin  and  uncertain.. 

The  foregoing  sections,  Nos.  11  to  32  inclusive,  show  in  a  general 
way  the  detailed  structure  of  the  Pittsburgh  coal,  so  that  only  a  few 
others  need  be  given  in  this  connection  to  exhibit  its  strnctore  in 
every  important  region  of  its  widely  extended  area. 

As  will  be  seen  from  these  sections,  the  coal  is  nearly  always  sex>a- 
rated  into  two  well  defined  portions  (the  roof  and  the  main  bench)  by 
a  layer  of  clay,  and  there  are  often  several  divisions  of  the  roof,  as  also 
of  the  main  bench.  The  layers  of  coal  in  the  roof  are  usually  not  more 
than  1  to  1^  feet  thick,  and  separated  by  shales  of  about  the  same 
thickness,  while  the  divisions  of  slate  in  the  main  bench  are  mere  knife 
edges,  seldom  exceeding  an  inch  in  thickness  and  generally  not  more 
than  half  that  amount. 

Along  the  Monongahela  Biver,  two  of  these  slates  are  especially  con- 
stant, since  they  come  about  2^  to  3  feet  above  the  bottom  of  the  bed 
and  are  4  to  6  inches  apart.  They  are  usually  known  as  the  *^  bearing 
in"  slates,  and  are  seldom  more  than  one-half  inch  thick.  Then  1  to  1^ 
feet  below  these  there  is  generally  another  thin  parting  of  slate  which 
runs  through  the  bed  with  great  persistency,  dividing  the  lower  portion 
into  two  layers  known  by  the  miners  as  the  "  brick  ^  coal,  and  **  bot- 
tom "  coal.  Of  course  there  are  other  partings  which  occasionally  make 
their  appearance  in  the  bed  at  some  localities,  but  they  are  irregular 
and  not  persistent. 
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Section  at  Net€burgj  West  yirjrfnta,— The  summits  around  Newburg, 
Preston  County,  West  Virginia,  catch  small  areas  of  this  bed  in  the 
syncline  between  the  Chestnut  Bidge  and  Laurel  Hill  antiolinals,  and 
the  coal  has  there  the  following  structure : 

Ft  in. 

Pittobnrgh  sandstone 

Slaty  coal 0 

Shale 0 

Goal  ........: 0 

^ale  and  fire  clay 2 

Coal 9 

Slate 0 

CoalySlaty 1 

Seetum  at  Oapema/n^s  Knobj  West  Firpinta.— In  the  next  trough  east  of 
the  Laural  Hill  anticlinal,  a  small  isolated  area  of  the  Pittsburgh  coal 
is  caught  in  Copeman's  Enob,  which  overlooks  Cheat  Biver  at  the  foot 
of  Briery  Mountain,  near  Albrightsville,  Preston  County,  West  Vir- 
ginia, and  there  the  coal  shows  this  structure : 

Ft.  iu. 

Shales 

Coal 2  0 

Slate 1  6 

Koof.  ^  Coal,  slaty 2  4 

j  Slate 0  2} 

Coal 1  6 

Iciay 1  6 

Main  coal,  partings  not  visible 

Section  32  gives  the  structure  of  this  coal  still  farther  eastward  in 
the  Georges  Creek  basin,  and  it,  when  compared  with  the  Albright^ 
Newburg,  and  Fairmont  (Sec.  17)  structures,  shows  a  gradual  eastward 
thickening  of  the  bed  from  7  feet  on  the  Monongahela  to  20  at  many 
points  in  the  Georges  Creek  field. 

Section  at  Fairfax  Knob^  Tucker  County^  West  Virginia. — Near  the 
southern  end  of  the  Georges  Creek  basin,  at  the  head  of  the  North  Po- 
tomac Biver,  a  small  area  of  the  Pittsburgh  bed  is  caught  in  the  sum- 
mit of  Fairfax  Knob,  3,250  feet  above  tide,  and  20  miles  distant  firom 
any  other  outcrop  of  the  coal.  The  main  portion  of  the  bed  is  here 
split  into  three  portions,  separated  by  several  feet  of  shales,  from  the 
thickening  up  of  the  parting  slates,  as  follows : 
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10 


Ft. 
19 
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/  Shales 

Koof.?Coal 2    0  i 

(Shale 6    05 
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,  Coal 

Coal,  "breast".  )  Slate 

<Coal 

Shales 

Limestone 

Shales 

Coal,  "brick" 4 

Fireclay  and  shales 18 

Coal,  •'bottom," slaty 7    Oj 
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As  will  be  seen  from  the  above,  it  would  appear  that  the  three  main 
(livisioDs  ot  the  Pittsburgh  bed,  viz,  "  breast,"  *'  brick,'^  and  "  bottom,'* 
are  here  separated  by  shales,  10  and  18  feet  thick  respectively,  instead 
of  mere  partings  of  a  fraction  of  an  inch,  as  on  the  Monongahela  and 
elsewhere,  thus  spreading  the  21  feet  of  coal  through  an  interval  of  55 
feet.  It  is  also  worthy  of  note  that  although  the  partings  have  here 
increased  so  wonderfully,  yet  the  total  thickness  of  coal  remains  the 
same  as  in  the  central  part  of  the  Georges  Creek  Basin. 

In  tlie  vicinity  of  Glenville,  on  the  Little  Kanawha  River,  this  coal 
is  4^  to  5  feet  thick,  with  a  bony  streak  16  inches  below  the  top  of  the 
bed. 

The  structure  on  the  Big  Kanawha  is  given  in  Section  31. 

Section  at  Huntington^  Cabell  County^  West  Virginia. — In  the  summits 
of  the  hills  south  of  Huntington,  Cabell  County,  West  Virginia,  this 
coal  displays  the  following  structure : 

Ft  in. 

Coal 0  6'  . 

Clay 0  6 

Coal 3  6 

Slaty  coal 0  2^ 

The  farthest  point  to  the  southwest  that  this  bed  has  ever  been  seen 
is  in  the  summit  of  a  hill  overlooking  the  Big  Sandy  Kiver,  10  miles 
above  its  mouth,  where  a  small  patch  is  caught  iu  the  center  of  the 
Appalachian  trough,  which,  rising  to  the  southwest,  caiTies  the  coal 
above  the  highest  hills  on  the  Kentucky  side  of  the  Big  Sandy.  The 
coal  is  here  3  feet  2  inches  thick  and  single  bedded,  or  with  only  faint 
partings. 

Section  at  Pomeroy^  Meigs  County,  Ohio. — At  Pomeroy,  Ohio,  the 
Pitt^?burgh  coal  shows  thus,  according  to  Prof.  B.  Lovejoy,  Ohio  Creo- 
logical  Survey,  Vol.  VI,  page  636: 

In. 

Coal 6-14^ 

Horn  coal 3        I  Ft,  in. 

Coal 42-47  >  5    10 

Clay 4 

Coal 7 

Section  on  Shade  Creelc^  Ohio, — In  the  Shade  C^reek  coal  field  of  Meigs 
and  Athens  Counties,  Ohio,  Prof.  Lovejoy  finds  a  well  developed  rider 
coal  12  to  20  feet  above  the  main  bed,  and  often  mined  separately  from 

it.    The  two  have  the  following  structure: 

yt. 

Coal 0 

Slate 0 

Coal 1 

Shales 

Coal 0 

Slate,  streak 0 

Coal 2 

t:))ate,  streak 0 

Coal ,,.  1 
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Section  an  Federal  CreeJc^  Ohio. — In  the  Federal  Creek  field  of  Athens 
and  Morgan  Counties,  Ohio,  the  coal  shows  as  follows  (Lovejoy),  op. 
cit«,  p.  648,  Heyburu  Brothers  &  Co.'s  mine,  Berne  Township,  Athens 
County : 

Ft.     in. 

Coal 1  10^ 

Slate,  streak 0  0 

Coal 2  4 

Slate 0  7    Ft. 

Coal 0  3>  10 

Clay 1  0 

Coal 1  0 

Slate,  streak 0  0 

Coal 3  0 

iSection  at  Kerry's  mine.  Ohio. — Berry's  mine,  in  Homer  Township, 
Morgan  County  (op.  cit.  page  650),  gives  the  following : 

Ft 

Coal 0 

Slate,  streak 0 

Coal 3 

Cky 1 

Coal 0 

Slate,  streak 0 

Coal 0 

Slate,  streak 0 

Coal , 1 

Slate,  streak 0 

Coal 0 


"\ 

^^ 

0 

7i 
0 
10 
0 
9ij 


Ft.  in. 
5    4 


>  3    7i 


The  day  stratum  in  these  and  other  mines  appears  to  correspond  to 
the  main  clay  parting  which  always  separates  the  roof  ooals  of  the 
Pittsburgh  bed  from  the  main  bench  along  the  Monongahela,  and  the 
12  to  20  feet  of  shales  which  separate  the  two  coal  beds  in  the  Shade 
Oreek  field  would  appear  to  belong  at  the  same  horizon. 

East  from  the  barren  area  of  the  Pittsburgh  coal  of  Morgan,  Noble, 
and  Washington  Counties,  Ohio,  it  comes  in  again  with  a  fine  develop- 
ment in  Belmont,  Harrison,  and  Jefiferson. 

Hecti&n  in  Belmont  County^  Ohio. — The  following  section  from  Ohio 
Geology,  Vol.  VI,  page  621,  exhibits  the  structure  in  the  southern  por- 
tion of  Belmont  County,  Washington  Township,  as  given  by  Prof. 
Brown : 


Ft. 

Coal 1 

Clay 0 

Coal 2 

Slate 0 

Coal 2 

Slate 0 

Coal 1 
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10-12 
9 


u 


1  11 


0    V  6      0 
3 


Digitized  by 


Google 


68 


THE   NORTHERN   BITUMINOUS   COAL   FIELD. 


[BULI.C 


Section  at  Bellaire^  Belmont  County^  Ohio. — In  Bellaire  the  following 
is  shown  at  Heatherington's  mine: 


J) 


Ft 
Coal 1 

Black  slate ' 0 

Coal 1  0 

CUy 0  10 

Coal 2  6 

ttlate 0  0 

Coal 1  0  5 

Slate 0  0 

Coal 1  9 

Black  slate,  pyritOQS 0  0^ 

Coal 1  0 

Hard,  slaty  coal 0  4 

Section  in  Jefferson  County^  Ohio. — In  Warren  Township,  JefFeroon 
Gonnty,  Ohio,  this  coal  has  the  following  strnctore  (Brown,  Ohio  Geol- 
ogy, VoL  VI,  page  603) : 


Ft  in. 
}  3    8 


6    Oi 


Ft 
Boofooal 2 

Clay 0 

Coal 2 

Clay  parting 0 

Coal 0 

Black  slate 0 

Coal 1 

Parting 1 

Coal 1 


in. 

5! 

2^ 
2 


Ft  in. 
2      7 


>  4    11 


Ft  in. 
4    9i 


Section  in  Harrison  Countyj  Ohio. — In  German  Township,  Harrison 
County,  Ohio,  Stevenson  reports  the  Pittsbnrgb  coal  as  follows  (Ohio 
Geological  Survey,  Vol.  Ill,  p.  212) : 

Boof  coal,  not  exposed 0 

Coal 1 

Parting..*^* 0 

Coal 0 

Parting 0 

Coal 1    2 

Parting 0    Oi 

Coal.-..- 1    2  J 

Section  at  Colwmbia  mincj  Westmoreland  County y  Pennsylvania. — As  a 
typical  section  of  this  coal  on  the  Monongahela  River  with  reference  to 
the  structure  of  the  main  bench  and  roof,  we  may  take  that  found  at  the 
Columbia  mine,  near  Webster  and  36^  miles  above  Pittsburgh,  as  given 
by  Mr.  J.  Sutton  Wall  (K*,  Pennsylvania  (3reological  Survey,  p.  60) : 


Ft  in. 
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<H 
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Over-clay 0 

'*Brea8t"coal 3 

Parting 0 

**  Bearing  iu"  coal 0 

Parting 0 

'*  Brick  "coal 1 

Parting 0 

"Bottom"  coal jtlzeclby 
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A  carefal  comparison  of  the  stractnre  of  this  famous  bed  at  a  great 
many  points  very  widely  separated  exhibits  sach  a  striking  resemblance 
to  that  jnst  given  above  that  we  can  scarcely  attribute  it  to  chance^ 
but  must  find  the  explanation  in  the  prevalence  of  nearly  uniform  con. 
ditions  over  the  immense  afea  covered  by  the  Pittsburgh  marsh. 

The  great  excellence  of  this  coal  for  steam  and  domestic  purposes, 
and  also  for  the  manufacture  of  gas  and  coke,  combine  to  render  it  the 
most  valuable  bed  of  coal  in  the  entire  Appalachian  field. 

Page  plate  6  gives  a  view  of  this  bed  at  Connellsville,  the  center  of 
the  coke-making  industry,  and  in  this  the  peculiar  columnar  structure 
of  a  typical  coking  coal  is  fairly  shown. 

It  was  formerly  believed  that  this  bed  would  not  make  first-class 
coke  over  any  large  area  outside  of  the  Gonuellsville  basin,  but  recent 
developments  along  the  Monongahela  Biver  in  Marion  and  Monongalia 
ConntieSf  West  Virginia,  have  proved  this  belief  erroneous,  since  it  is 
there  successfully  coked  on  a  large  scale. 

By  crushing  and  washing,  where  there  is  too  much  sulphur  present, 
there  is  no  reason  why  this  bed  will  not  make  coke  equal  to  that  of  the 
Connellsville,  throughout  all  of  the  region  south  and  west  from  the 
latter. 

The  roof  coals  of  this  bed  are  never  mined ;  not  because  they  do  not 
famish  good  fuel,  but  because  they  are  always  interstratified  with 
shale,  which  renders  the  mining  difQcult.  These  roof  layers  often 
amount  to  3  or  4  feet  of  good  coal,  and  thus  this  large  quantity  of  fuel 
is  continually  wasted,  though  the  time  will  doubtless  come  in  the  dis- 
tant future  when  the  Pittsburgh  bed  will  be  mined  over  again  for  the 
coal  now  neglected  in  its  roof  and  bottom. 

FOSSILS  OF  THB  UPPER  COAL  MEASURES. 

The  flora  of  the  Pittsburgh  roof  shales  as  well  as  of  the  entire  Upper 
Ooal  Measures  is  very  meager,  and  only  a  few  of  the  very  common 
types,  like  Neuropteris  hirsuta^  N.  flexuosa^  and  Pecopteris  arborescenSy 
are  usually  found,  while  the  fauna  of  the  whole  group,  so  far  as  known 
at  present,  seems  to  be  restricted  to  fresh  water  types. 
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CHAPTER    IV; 

THE  BARREN  MEASURES,  OR  BLK  RIVER  SERIES. 
THICKNESS)  GHABAGTEBy  AND  EXTENT. 

Below  the  Pittsburgh  bed  we  descend  ittto  a  very  natural  group  of 
rocks  (No.  XIV)  which  was  long  ago  clearly  recognized  by  the  Rogers 
brothers  in  both  Pennsylvania  and  Virginia.  The  group  as  defined  by 
them  extended  from  the  base  of  the  Pittsburgh  coal  down  to  the  top  of 
the  Mahoning  sandstone,  and  was  called  the  Lower  Barren  Measures ; 
but  subsequent  investigation  seems  to  render  it  more  desirable  to  ex- 
tend the  group  downward  so  as  to  include  the  Mahoning  sandstone. 
This  brings  the  group  within  the  definite  limits  of  two  important  and 
very  persistent  coal  beds,  the  Pittsburgh  above  and  the  Upper  Free- 
port  below;  and  hence,  for  purposes  of  comparison,  study,  and  all  the 
uses  which  classification  subserves,  is  more  desirable  than  tho  old 
system,  since  the  top  of  the  Mahoning  sandstone  is  too  variable  a 
quantity  for  the  limit  of  any  group. 

I  have  already  indicated  in  a  previous  chapter  that  a  larger  view  of 
the  Carboniferous  Measures,  which  overlooks  details  invaluable  for 
classification  to  the  working  geologist,  would  run  a  line  through  the 
middle  of  the  Barren  Measures,  and  call  everything  above  it,  to  the 
top  of  the  Dunkard  Greek  series.  Upper  Carboniferous ;  that  below  it, 
to  the  base  of  the  PottsAdlle  conglomerate.  Middle  Carboniferous,  and 
the  rest  down  to  the  Oatskill,  Lower  Carboniferous.  Such  a  classifica- 
tion of  the  Appalachian  Carboniferous  may  be  useful  for  comparison 
with  the  Carboniferous  system  in  other  regions  and  countries,  but  it  is 
too  general  for  the  practical  geologist,  and  can  never  supplant  that 
which  has  stood  the  test  of  long  and  continuous  use.  Hence  we  deem 
it  best  to  retain  the  limits  of  the  Barren  Measures  intact,  with  the 
slight  modification  just  suggested,  and  already  long  in  use  by  the 
Second  Geological  Survey  of  Pennsylvania. 

I  have  adopted  the  name  Elk  Eiver  series  as  a  geographical  designa- 
tion for  these  beds,  since  they  are  very  finely  exposed  along  that  stream 
between  its  mouth  at  Charleston,  West  Virginia,  and  Braxton  Court- 
House,  or  Sutton,  nearly  100  miles  above. 

.     70 
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This  series,  as  thus  limited  above  and  below  by  important  coal  beds, 
consists  of  two  very  diflPereut  members;  an  lipper  one  composed  largely 
of  shales,  therefore  soft,  easily  eroded,  and  always  making  rounded 
hills  and  rolling  topography ;  the  other,  or  lower,  composed  largely  of 
massive  sandstones  which  resist  erosion  and  thus  form  steep  cliffs,  deep 
gorges,  rugged  topography,  and  wild  scenery  generally. 

These  sand  rocks  form  a  coping  to  the  Lower  Coal  Measure  hills,  and 
cap  the  summits  long  after  the  soft  beds  above  have  disappeared. 

The  soil  formed  by  the  soft  member,  while  rather  thin  and  not  to  be 
compared  in  fertility  to  that  of  the  Upper  Coal  Measures,  yet  with  care 
and  a  liberal  use  of  lime  yields  excellent  crops  and  always  makes 
good  grazing  lands.  But  the  lower  portion,  being  almost  destitute  of 
lime,  and  containing  so  much  sand,  forms  a  very  poor  soil,  on  which 
only  the  scantiest  crops  can  be  grown. 

The  upper  portion  always  contains  a  large  percentage  of  red  and 
marly  shales,  which  make  a  broad  band  of  red  soil  from  Pennsylvania 
clear  through  central  West  Virginia,  to  and  beyond  the  Kentucky  line 
on  the  one  hand,  and  thence  circling  around  through  eastern  Kentucky 
and  southern  Ohio,  back  to  Pennsylvania  again  on  the  other.  These  red 
clays  are  the  fruitful  source  of  landslides,  bad  roads,  and  many  other 
troables.  They  cave  easily  in  drill  holes,  and  thus  give  endless  annoy- 
ance and  expense  to  oil  and  gas  drillers.  Their  tendency  to  slide 
causes  much  expense  in  cleaning  out  railroad  cuttings,  so  that  a  proper 
knowledge  of  their  character  by  engineers  would  lead  to  economy  of 
money  in  building  and  maintaining  both  railroads  and  wagon  roads. 

The  coal  beds  of  this  series  are,  with  one  or  two  exceptions,  noted 
for  their  variableness  and  uncertainty.  They  may  be  in  fair  develop- 
ment on  one  farm,  and  absent  entirely  on  the  adjoining  one.  They  are 
also  usually  rich  in  ash  and  poor  in  carbon,  and  although  they  are 
patchy  in  their  distribution,  yet  the  main  beds  appear  to  maintain  the 
same  horizons  in  the  stratigraphy,  and  can  thus  be  identified  with 
reasonable  certainty  over  wide  areas.  The  sandstones  found  within 
the  limits  of  this  group  are  of  more  economic  importance  than  the  coal 
beds,  since  the  former  nearly  always  furnish  most  excellent  building 
stone,  while  the  latter  are  commercially  valuable  only  over  limited 
areas.  Iron  ore  in  valuable  quantity  exists  locally  at  several  horizons 
in  the  Barrens,  and  these  will  be  referred  to  hereafter  in  detail. 

The  limestones  of  this  series,  like  the  coals,  are  generally  thin  and 
impure,  so  that  they  are  of  more  importance  in  determining  the  strati- 
graphy than  for  economic  purposes. 

The  entire  thickness  of  the  group  varies  much  in  different  portions 
of  the  Appalachian  field,  reaching  a  maximum  of  800  feet  in  the  vicinity 
of  Charleston,  West  Virginia,  while  along  the  northwestern  outcrop  of 
the  beds  in  Ohio  the  minimum  is  not  much  above  300  feet. 

In  Pennsylvania  and  northern  West  Virginia  the  average  is  about 
600  feet,  but  it  sometimes  runs  up  to  650  and  down  to  550. 
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The  foIlowiDg  sectioD8,4akeii  in  the  several  portions  of  the  Appa- 
lachian field,  will  serve  to  illastrate  both  the  changing  thickness  of  the 
series  and  the  variable  nature  of  the  individaal  beds. 

Section  in  the  Pittsburgh  region. — We  shall  begin  the 
list  at  Pittsbnrghy  where  the  upper  half  of  the  Bar- 
rens is  finely  exposed,  and  the  nnmerons  carefally 
kept  records  of  drill  holes  have  revealed  the  constita- 
tion  of  the  lower  half^  so  that  by  aniting  the  two  we 
get  the  following  (Fig.  33) : 
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1.  Pittohnrxhooal.... 

2.  Concealed 

3.  Limestone 

4.  Shales,  variegated. 

5.  Limestone 

6.  Red  shale , 

7.  Concealed 


In  Pittthurgh  region, 

[See  map,  Im.] 
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8.  Sandstone,  Morgantown 45 

9.  Coal,  Elk  Lick 

10.  Shales,  varief^ted 50 

11.  Coal , 2 

12.  Limestone 3 

13.  iShales.  variegated 35j 

14.  Limestone,  crinoidal 

15.  Coal,  crinoidal 1  I 

16.  Red  and  variegated  shale 90 

17.  Sandy  shales  and  shaly  sandstone SO 

18.  Coal,  Bakeratown 3 

19.  Shales  and  sandstone ^ A 

20.  Limestone,  Upper  Cambridge 

21.  Sandstone,  massive 

22.  Limestone,  Lower  Cambridge 

23.  Shales 

24.  Coal,  Hasontown 

25.  Shales 

26.  Sandstone,  Mahoning 

27.  Upper  Freeport  coal. 
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Fig.  38.— Section  in 
thePitteborgb  region. 
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Section  at  SewuMey^  Pennsylrania. — At  Sowickley,  Pennsylvania,  a 
diamoDd-drill  hole  wovS  put  down  by  Mr.  Cochran  Fleming  as  a  test 
for  coal.  The  cores  were  carefully  i»reserved,  and 
from  them  I  obtained  a  very  accurate  section  of  the 
lower  i)ortion  of  the  Barrens,  which,  combined  with 
the  good  surface  exposures  around  Sewickley,  gives 
the  following  structure  (Fig.  34)  for  this  series  in 
that  region : 
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Sewickley,  Alleghany  County,  Pennsylvania. 

[See  mAp,  H 1. j 

Ft  in. 

Bittabnrgli  ooal ^ 

Shftles,  sandatoDes,  and  concealed 180 

Sandetone,  Morgantown,  maeeiTe 25 

Coal,ElkLick    

ShaleB  and  sandstone 

Limestone,  crinoidal 

Coal,  orinoidal 1 

Ked  shales  and  sandy  beds 110 

Limestone,  gray,  Upper  Cambridge 2 

Shalesand  concealed  40 

Sandy  shale 32 

Darkslate ,..  11 

Limestone,  dark.  Lower  Cambridge 

Dark  shales 

Coal,  Masontown 

Sandstone,  micaceons,  gray 1^     8 

Fire  clay,  sandy 0     6 

Sandstone,  light  gray 22     0 

Shale,  dark  gray 8     4 

Sandstone,  gray ^  0     8 

Shale,  sandy 6     8 

Shale,  bine 6     5 

Sandstone 0     8 

Slate,  gray 3     4 

Fire  clay,  variegated  at  base,  impare 25    11 

Sandstone,  gra\',  micaoeons 88     5 

Shales,  sandy,  bine 8     6 

Sandstone,  light  gray 8     6, 

Upper  Freeport  coal. 

Total 


Ft.  in. 


205 


3 

80 

2 


196 


1 

11 
0 


V    185     1 


634 


Tjo.  34— Section  at 
Sewickley,  Pa. 


The  interval  !No.  2  in  this  section  was  estimated, 
since  the  Pittsburgh  coal  is  not  found  in  the  imme- 
diate vicinity  of  Sewickley,  the  highest  stratum 
remaining  there  being  the  Morgantown  sandstone, 
No.  3. 
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(BUll.  A 


Section  on  I}unbar  Creek^  Penntyhania. — Eastward  fix>m  the  PittBborgli 
region,  we  have  a.line  of  measaremeDts  of  the  BarreQ  series  whidli  ex- 
tend across  the  Alleghanies.  The  first  one  is  in  the 
adjoining  county  of  Fayette,  at  the  foot  of  Ghest- 
nnt  Bidge,  made  by  Prof.  Stevenson  and  published 
in  his  Report  KE,  page  182.  It  is  as  follows  (Fig. 
35): 


mm-] 


nr: 


y^ 


«!%• 


Flo.  85.— Section  on 
Dunbar  Creek,  Pa. 


235     6 


*    Dunhar  Creek^  Fayette  Countifj  Penneyltania. 
[See  map,  K  n.] 

FL  in.        FL    ». 

1.  Coal,  Pittsburgh 

2.  Concealed 15          | 

3w  Sandstone 10 

i.  Coal,  Little  PltUbnrgh 0 

5.  Clay 3 

0.  Limeetone  and  shale 20 

7.  Sandstone,  ConnellBYiUe 60 

8.  Shalea 60 

9.  Umeetone 5 

10.  Shale 5 

11.  Sandstone,  Morgantown 55 

12.  Shale.8andy 12 

13.  Coal  Elk  Lick 

14.  Shale 12 

15.  Concealed 12 

16.  Shale,  variesated 35 

17.  Coal  clay,  crinoidal 

18.  ShaleSfbrown 10 

10.  Sandstone 28 

20.  Shale 45 

2L  Coal,  Bakerstown ^ '  2 

22.  Shale 63 

23.  Limestone,  LowerCambrid)(e 

24.  Shale 7 

26.  Sandstone, argillaceous..: 10 

26.  Concealed   25 

27.  Coal,  Mason  town 

28.  CUy 30 

29.  Sandstone,  Upper  Mahoning 35 

30.  Coal,  Mahoning 

31.  Firechiy 

82.  Sandstone,  Lower  Mahoning 

33.  Coal,  Upper  Freeport 

Total ; 588      € 


i" 

2 

148 

I  « 

I 
) 

2 


4 
36 


The  identification  of  the  Lower  Cambridge  limestone  in  the  above 
section  is  open  to  question,  but  the  probabilities  are  in  favor  of  the  one 
given. 
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Section  at  Ligonievj  Pennsylvania, — Eastward  from  the  last  locality, 
and  between  ChestDut  Kidge  and  Lanrel  Hill/ the  following  section 
(Fig.  36)  of  these  beds  was  measared  at  Ligonier, 
Westmoreland  Connty,  Pennsylvania,  by  Prof.  Stev- 
enson, as  given  in  Report  KEK,  page  129 : 


Ligonier^  Westmoreland  County,  Pennsylvania, 


fs^saf 


50' 


ylZ5* 


[See  map,  J  p.] 

Fl'  in. 

1.  Pittsburgh  coal 

2.  Concealed 60 

3.  Coal,  Littlo  Pittsburgh 1     « 

4.  Limestone 8 

5.  Concealed 27 

6.  Shale,  variegated i 43 

7.  Coal,  LitUe  Clarksburg 

8.  Shale 10 

9.  Concealed 10 

10.  Sandstone,  Morgantown 115 

11.  Shale,  oUve 18 

12.  Coal,  Klk  Lick 

13.  Shale i 

14.  Limestone,  green,  fossiliferous 

15.  Shale 20 

16.  Sandstone 5 

17.  Clay 8 

18.  Limestone,  ferruginous 2 

19.  Shale 10 

20.  Sandstone 25 

2L  Concealed 100 

22.  Shale 6 

23.  Sandstone,  Upper  Mahoning 

24.  Shale 

25.  Coal,  blossom,  Mahoning 

26.  Concealed 50 

27.  Sandstone,  Lower  Mahoning 25 

28.  Shale 5 

29.  Coal,  Upper  Freepoit. 


Ft   Ml. 


>    139     G 


1      6 


153 


3      6 

15 


K    175 


15 
20 


Total. 


602      6 


36.  —  Section  at 
Ugonier,  Pa. 


This  and  the  preceding  section,  as  well  as  the  one 
which  follows,  illustrate  in  a  remarkable  manner  the 
l>id  variation  in  the  individual  elements  of  the  Barrens,  while  the 
ta>l  thickness  remains  almost  exactly  the  same. 
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Section  near  Berlin^  Pennsylvania. — Still  farther  east,  in  the  Berlin 
basin  of  Somerset  County,  Pennsylvania^  and  on  the  very  sammit  of 
the  Alleghany  Mountains,  we  find  this  series  with  the  foUowingr  struc- 
ture (Pig.  37)  as  determined  by  Messrs.  Piatt,  with  some  additions  and 
modifications  by  the  writer : 


L^^ 


m 


MJ3' 


Fio.  37.— Seotion 
near  Berlin,  Pa. 


iCoal. 

10.  Coal,  Price  (Bakeratown)  <  Slate 

'Coal. 


Vicinitjf  of  Berlin,  Somertet  County ^  Pennsylfmnia, 

[See  map,  Kp.] 

FU   in. 

1.  Pittsbnrgh  coal 

2.  Interval,  shales,  sandstones,  etc 

3.  Coal 

4.  Limestone,  gray  and  buff 10  1 

6.  Concealed 50  [^ 

6.  Sandstone,  maasive 25  j 

7.  Shales,  dark 15  J 

{Cannel  slate — 1'] 
gSJe'^^y l\ 
Coal 3'j 

9.  Sandy  shales  and  black  slates 50 

3'    2") 

0'    4"> 4 

0*    6") 

11.  Slates,dark 4 

! Limestone..  1'    8") 
Slate 0'    8"> 3 
Limestone..  1'    4") 

13.  Shale • 

14.  Coal.r 1 

15.  Shales,  and  concealed 45 

10.  Coal,  Coleman 1 

17.  Slatcdark 0 

18.  Limestone,  Coleman  (TTpper  Cambridj^) 

19.  Shales 10 

20.  Sandstone,  and  concealed 15 

21.  ShaleSfSandy 15 

iCoal 1'    3") 
Slate,  black 0*    9"S 2 
Coal O'    6"> 

23.  Fireclay 2 

24.  Limestone,   Ph"«>n  J  ^^f  ^j"^  ^'^^ '  J^    J"'. 
(LowerCambridKe)J|JSj|;Wack...,.0^    J'^V 

25.  Concealed,  and  shales 25 

26.  Coal,  Masontown 2 

27.  Concealed 5 

28.  Sandstone,  Mahoning,  and  concealed 100 

29.  Coal,  Fpper  Freeport. 

Total 


Ft.  m. 

200 
1 


110 


44      € 


133 


tiection  at  Broad  Top,  Pennsylvania. — As  showing  the  remarkable 
persistence  of  this  series  in  its  general  thickness  over  the  Pennsylvanit 
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field,  we  give  another  measurement  (Fig.  38)  from  far  east  of  the 
Alleghany  Mountains,  in  the  center  of  the  Broad  Top 
Basin,  Bedford  Goanty,  Report  T^,  Stevenson,  page  60 : 


2 


m^k 


m^ 


Fio.  88 Section 

at  Broad  Top, 
Pa. 


Broad  Toj),  Bedford  County,  Pennsylvania, 

[See  map,  J  t.]  Ft 

1.  PittsboTj^h  ooal 

2.  Poorly  expofied  (shales  and  Aandstonea) 425 

3.  Sandstone,  Upper  Mahoning 50 

4.  Coal,  Mahoning 5 

5.  Clay 8 

6.  Sandstone,  Lower  Mahoning 40 

7.  Coal,  Upper  Freeport. 

Total 523 

Section  opposite  Stettbenvillej  Ohio. — The  next  line  of 
sections  in  this  series  across  the  Appa> 
lachian  field  will  begin  at  Steabenville,  on 
the  Ohio  Biver,  and  keeping  south  of  the 
former  line,  end  at  Davis,  Tucker  County, 
West  Virginia.  The  following  succession 
{l^ig.  39)  was  obtained  opposite  Steuben- 
ville  by  combining  the  surface  observa- 
tions with  the  records  of  drill  holes  and 
shafts: 

Opposite  Steuhenville,  Ohio, 

[See  map,  I  J.] 

Ft. 

1.  Pittsbarfch  coal 

2.  Shales,  sandstone,  and  concealed 100 

3.  Shales 

4.  Sandstone,  massive.  Morgantown 

5.  Limestone,  fossiliferoas,  crinoidal 

6.  Red  shales 

7.  Concealed,  vrith  shales  and  flaggy  sand- 

stone   

8.  Coaf 

0.  Shale 

10.  Limestone,    fossiliferons.    Lower  Cam- 

bridge   

11.  Shales,  drab 8  1 

12.  Shales,  with  coal,  Masontown 2 

13.  Shales,  gray    6  } 

14.  Sandstone,    Mahoning,    and    concealed  I 

under  river 130  J 

15.  Coal,  Upper  Freeport. 


Total  . 


Ft. 

200 
10 

142 


145 


499 


%^:^^K^ 


^Qd 


This  shows  a  westward  thinning  of  about  100  feet 
for  the  series  between  Pittsburgh  and  Steuhenville. 

Section  under  Weuihington,  Pennsylvania. — Near  Wash- 
ington, Pennsylvania,  many  wells  drilled  for  gas  and 
oil  have  revealed  the  structure  of  the  Barren  Measures, 
although  they  lie  many  hundred  feet  below  the  surface. 

One  of  these  borings  was  supervised  by  Prof.  Lin- 
ton, of  Washington  and  Jefferson  College,  and  from 
the  record  thus  obtained  of  the  Thayer  oil  well,  as 


Mr 


Fig.  39.— Section 
site  Steubca- 
Ohio. 
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pablished  ia  Pennnylvania  Geological  Beport,  1886,  page  764,  we  get 
the  followiog  for  the  Barrens  there  (Fig.  40) : 


rzzof 


3^ 


Fio.  40.— Section  at 
Wafthington,  Pa. 


Washington,  PennsylvanUi, 
[See  map,  Jk.) 


I.  Coal,  Pituburgh 

a.  bandstone 

3.  Shale,  black  and  red 

4.  Shale,  red  

5.  Limestone 

6.  Sandstone.  Morgantown 

7.  Shale,  black  

8.  Shale,  red  and  variegated 

0.  Sandstone,  hard 20( 

10.  ShAle,  black 87  f 

11.  Sandstone  17  | 

12.  Shale,  red.  variegatod 

18.  Sandstone,  Upper  Mahoning 

14.  Shale,  olive  green  

15.  Sandstone,  Lower  (  gray,  Apeflaggy  . .  15' ) 

Mahoning )  whit**    17' J 

16.  Shale,  dark,  to  place  for  Upper  I  reeport 

coal 


Ft.         FL 


65 
70 
30 
5 
60 
26) 

eoi 


34J 


220 


193 


71 
4 

32 


28 
Total 548 

Nob.  8  and  12  are  the  beds  which 
"cave^  and  give  the  oil  drillers  so  muph 
trouble. 

Section  near  Gannansburgy  Pennsylva- 
nia.— In  the  vicinity  of  Cannonsburg,  a 
few  miles  northeast  from  Washington, 
the  record  of  a  well  drilled  for  gas  on  the 
Boyce  farm,  famished  me  by  Mr.  Wm. 
S.  Stevenson,  assistant  superintendent  of 
the  Philadelphia  Natural  Gas  Company, 
gives  the  following  (Fig.  41)  as  the  struc- 
ture of  the  Barrens  there : 

Ndar  Cann<m8hurg,  Washington  County,  Penn- 
sylvania. 

[See  map,  J  LJ  FL        Ft 

1.  Coal,  Pittsburgh 

2.  Limestone,  blue,  hard 20 

8.  Slalo,  white,  soft 45 

4.  Shale.red 36 

6.  SlaU*.  black 0 

6.  Shale.red 47 

7.  Sandstone,  gray,  hard 10 

8.  Slato.  black  20 

9.  Sandrttonn,  gray,  hard,  Morgantown 38  j 

10.  Shale,  red.: 251 

11.  Slate,  black  5| 

12.  Sandstone,  gray,  hard 20 

13.  Slate,  white,  soft lo 


225 


14.  Sandstone,  gray,  bard 20 


15.  Slate,  black. 

16.  Sandstone,  gray,  hard 

17.  Slate,  black 

18.  Sandstone,  gray,  hard 

19.  Slate  black 

20.  Sandstone,  gray,  hard 

21.  Shells  and  slate,  gray,  hard 

22.  Slate,  black,  soa 

23.  Slate,  with  coal,  Mahoning 

24.  Shtlls,  grav,  hard 

25.  Slaio.  black,  soft 

26.  Sandstone,  white,  hard,  Lower  Mahoning. 

27.  Coal.  Upper  Froeport. 


15 
10 
25 
5 
10 
20 
25J 


190 


40 
15 
2 
40 
45 


Total. 


657 


Fig.  41-— SeciwB 
near  GannoB*- 
burg,  Pa. 
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Section  at  Morgantown^  West^  Virginia. — From  Washington  across  to 
Morgantown,  West  Virginia,  the  Barren  Measures,  as  revealed  by  bor- 
ings, hold  about  the  same  thickness  as  in  Washing- 
ton County.  In  the  vicinity  of  Morgantown  the 
entire  colamn  of  the  Barrens  is  exposed,  and  there 
the  following  structure  is  exhibited  (Fig.  42) : 


v^m^  4y 


25' 


t^iiiwv 


227^ 


140* 


VBJ'C 


227 


Margantaton,  Monongalia  County,  West  Virginia, 
[See map,  Mm.] 

Ft  in.       Ft,  in. 

1.  Pittabargh  ooAl 

2.  FiiecUty 2 

3.  Sandy  shales  and  sandstone 32 

4.  Coal,  Little  Pittsburgh 1 

6.  Sandy  shales - 17 

6.  Limestone 1 

7.  Yellowish  shales  with  iron  ore 10 

8.  Sandy  shales,  and  concealed 17 

9.  Sandstone,  rather  massive 25 

10.  Sandy  shales,  and  concealed 15 

U.  Massive  sandstone 20 

12.  Bluish  green  sandy  beds 20 

13.  Black  slat«,  fossiliferons 1 

14.  Limestone,  Clarksburg l 

15.  Shales  and  sandy  beds 45 

Id.  Sandstone,  Morgantown 20 

17.  Elk  Lick  coal 

18.  Shales,  and  concealed 

19.  Limestone,  crinoidal 

20.  Variegated  shales 

21.  Llmestone,'Upper  Cambridge ^ 

22.  Shales 14 

23.  Sandstone,  Upper  Mahoning .' 3 

24.  Shales  and  shaly  sandstone SO 

25.  Massive  sandstone,  Lower  Mahoning loO 

26.  Shales 40 

27.  Coal,  Upper  Freeport 

Total 561 


8 
65 

1     6 
86     6 

1 


187      6 


Fio.  42.— Section  at  Mor- 
gant4>wn,  W.  Va. 


The  black  fossiliferous  slate,  No.  13,  represents 
the  horizon  of  the  Little  Olarksburg  coal,  and  is 
here  filled  with  fish  teeth  and  scales.  The  Upper 
Freeport  coal  is  about  100  feet  under  the  river  at  the  Morgantown 
wharf,  but  southward  it  rises  very  rapidly  and  comes  up  to  the  bed  of 
the  river  at  the  mouth  of  Gobum's  Greek,  2  miles  above.  It  is  there 
aboat  4  feet  thick  and  very  pure. 
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Section  near  Little  FalU^  West  Virginia.— In  the  vicinity  of  Little 
Falls,  Monongalia  Ooanty,  9  miles  above  Morgantown,  the  basal  mem- 
bers of  the  Barrens  can  be  obtained  more  in  detail 
^  than  in  the  Morgantown  section,  and  the  following 

(Fig.  43)  shows  the  strncture  there: 


Little  Falls,  Monongalia  Caumty,  West  Firpima. 


in^£!^« 


-sr  w^tttf 


wSf 


Q^ 


r4&"^-- 


^' 


Fig.  43.— Section  at  Lit- 
tle Falla,  W.  Vn. 


[See  map,  M  m.] 

1.  Pittsburgh  ooal 

2.  Sb  ales,  umdatoikes,  and  concealed 

3.  Sandstone,  in  knob 

4.  Shales 

Sl  Massive,  coarse  yellow  sandstone 

6.  Coaly  sbale,  Little  Clarksbnrf; 

7.  Limestone,  fossiliferons,  Clarksburg 

8.  Concealed,  shales  and  sandstone 

ft.  Limestone,  nodular 

10.  Gray  and  yellow  shales 

IL  Black  slate 


It.  ia. 


FL  m. 


100 

5 

15 

1 

21 

7 

0 

.6 

1 

47 

3 

0 

3 

7 

12.  Coal,  Elk  Lick . 


5" 


r  <Coal 12") 

Coal.<81ate \"\  1 

(Coal 4"S  \ 

Concealed  with  red  shale.  15^ 

lCoal,good O'  V'} 

13.  Shales 

14.  Limestone,  gray  and  buff  in  several  layers,  Blk  Lick. 

16.  Flaggy  sandstones  and  shales 

10.  Sandstone,  massive,  pebbly  al  base  for  4  feet 

17.  Concealed,  probably  shales 

1&  Fossiliferous  shale,  crinoidal 

19.  Concealed,  red  shales  and  impure  limestones 

20.  Limestone,  light  gray.  Upper  Cambridge 

21.  Shales  and  flaggy  sandstones 

22.  Sandstone,  rather  massive 

23.  Concealed,  and  shales 

24.  Sandistone,  Upper  Mahoning,  massive 

25.  Coal.  Mahoning 

20.  Shales  and  concealed 

27.  Shale,  greenish,  sandy 

28.  Sandy  shale  and  flaggy  sandstone 

29.  Shale,  greenish  yellow 

30.  Concealed,  probably  shale 

31.  Lower  Mahoning  sandstone 

32.  Coal,  Upper  Freeport. 

Total 


>    306     9 


8      6 
6 
32    10 

16 
31 


24  6 

10  10 

16  3 

68  6 

27 
11 
6 
13 
17 
26 


16    U 


10 
65 

1 


106 


M     ( 


687     S 


This  section  illustrates  well  the  variability  of  the  Barren  Heasai^s, 
when  compared  with  the  previous  one,  taken  only  a  few  miles  distant 
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Section  at  Newburgy  West  Virginia. — Thesyncline  between  the  Ohest- 
nut  Bidge  and  Laarel  Hill  antielineB  crosses  the  Baltimore  and  Ohio 
Eailroad  at  Newburg,  Preston  County,  West  Virginia, 
about  15  miles  east  from  Little  Falls,  and  there  the 
Barren  Measures  admit  of  vertical  measurement  by 
combining  surface  exposures  with  the  record  of  the 
Orrel  Coal  Company'8  shaft.  The  result  is  as  follows 
(Pig.  44): 

Newbiirg,  Preston  County,  West  Virginia, 
[See  mAp,  K  m.] 


W^ 


I't 


IJ  ■■  HI "^ 


-»«•«•   I 


ttH^SSSttw"- 


4tf 


M 


«0' 


[o.   44.->Se€!tton 


1.  Pittsburgh  ooal . 

2.  Fire  clay 

3.  Gonoealed 

4.  SbaleB,  sandy  ... 

5.  Concealed 


5 

U 

80 

230  I 

6.  Sandstone,  pebbly,  Morgantown 30  J 


7.  Concealed 

8.  Sandstone,  flaggy 

9.  Shales,  sandy 

10.  Shales,  dark,  fossiliferons  (crinoidal)  . 

11.  Concealed 

12.  Bed,  marly  shale  

13.  Concealed 

14.  Sandstone,  yellow — 

15.  Concealed 

16.  Fire  clay  and  shales 

17.  Sandstone,  massiTe 

18.  Sandy  shale 

19.  Sandstone,  massive 

20.  Concealed 

21.  Sandstone 

22.  Shales 

23.  Coal,  Mahoning 

24.  Sandstone 

25.  Shale 

26.  Sandstone 

27.  Shale 

28.  Sandstone 

29.  Coal,  Upper  Freeport 


15 
10 
10 

20 

6 
40 
10 
15 

5 
20  ) 
10 
10 
10 
85 
25  J 

40) 
2  I 

34^ 
1 
3 


Total.. 


Ft. 


309 


35 


15 


95 


HO 


80 


645. 


This  is  in  the  same  geological  trough  as  the  section 

at  Ligonier  (Fig.  36),  and,  as  will  be  observed,  agrees 

^^  with  it  in  having  an  unusually  large  interval  between 

the  Pittsburgh  coal  and  the  base  of  the  Morgantown 

It  is  possible  that  the  Upper  Mahoning  sandstone  should 


indstone. 
ot  include  Nos.  17*20  at  this  locality. 
BulL65 6 
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Section  near  Fairfax  Knobj    West   Virginia. — Abont  50  miles  east 
from  Newbarg  we  come  to  the  North  Potomac  Goal  Basin,  the  aonth- 
ward  extension  of  the  Cumberland  or  Georges  Creek 
field  of  Maryland,  and  there,  in  the  vicinity  of  Fairfax 
Knob,  Tucker  County,  West  Virginia,  the  Barrens  ei- 
••'     hibit  the  following  structure  (Fig.  45) : 

Fairfax  Knob^  Tucker  Count jf.  West  Virginia. 


(See  map,  Co.] 


FL 


1.  PitUborxh  coal 

2.  Shales  and  conceided  . 


5  Coal  .  2' 
Slate.  0' 
Coal..  0 


!'  9") 


4.  Shale*. 


5.  Goal  . 


r Coal,  slaty.  C  10"! 

JCoal r    5"[ 

iSlato 1'    -■ 

ICoal 1' 


O'M    •• 
0") 


6.  Fir^  claj^  and  shales 

7.  Blue  shales  with  iron  ore  . 

8.  Black  slate 


9.  Coal,  Little  Clarksburg  . 


iCoal.. 
Slate. 
Coal. 


(y  8") 

0'  4"  >  . 
1'  0"  ) 


10.  Concealed,  with  Handstones  and  shales 

11.  Coal,  and  black  slate,  Masontown 

12.  Shales 

13.  Sandstone,  massive 25 

14.  Concealed 9 

15.  Sandstone,  soft 1 

16.  Clay.yellow 6 

17.  Sandstone 20 

18.  Limestone,  Mahoning : 

fl9.  Softshale 1 

20.  Hardshale 9 

^    2h  Softshale 1 

^''22.  Slate,  light  blue 10 

g     23.  Slate,dark 19 

»3  124.  Sandstone 2 

26.  Coal,  Upper  Freeport. 


Fir..  45.— Section  at 
Fairfax  Knob,  W. 
Va. 


Total. 


FLi 


3     » 


4     3 


10 

15 


200 
3 
50 


61 


42 


538 


The  last  100  feet  of  the  section  was  obtained  from  the  record  of  a 
diamond  drill  hole  put  down  by  the  West  Virginia  Central  Railroad 
to  test  the  character  of  the  Upper  Freeport  coal.  The  writer  saw  sam- 
ples of  the  Mahoning  limestone,  taken  irom  the  drill  hole,  and  it  -wm 
a  dark  gray,  rather  pure  limestone. 

No.  5  is  a  second  Little  Pittsburgh  coal  which  is  occasionally  preaeDt 
in  the  Potomac  basin  and  elsewhere. 
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Section  in  Ouemsey  County ^  Ohio. — ^Toward  the  northwestern  side  of 
the  Appalachian  basin,  in  Ohio,  the  Barrens  are  thinner  than  elsewhere, 
as  may  be  seen  from  the  following  section  (Fig.  46), 
made  by  Mr.  F.  W.  Minshall,  in  Ouemsey  County, 
Ohio. 


Guernsey  County,  Ohio, 

[See  lup,  K  f.] 

Ft.  in.        Ft  in. 

1.  Pittsbuigh  ooal 

2.  Shales 10 

8.  Limestone 15 

4.  Shales 80         J-    150 

5.  Concealed 75 

«.  Shales 20 

7.  Limestone,  orinoidal 

8.  Coal,  orinoidal 1      3 

9.  Shales 15 

o*y*10.  Limestone 10 

11.  Shales 35 

12.  Sandstone,  pebbly 25 

18.  Shales 5 

14.  Coal,  Bakerstown 2 

15.  Shales 35 

16.  Limestone,  Lower  Cambridge.. 

17.  Shales 5 

18.  Coal,  Masontown 1     3 

19.  Shales 80 

20.  Sandstone,  XJppur  Mahoning. . .  85 
«^    21.  Coal,  Mahoning 1 

22.  Shales 5 

23.  Sandstone,  Lower  Mahoning. . .  30 

24.  Shales 5 

25.  Cool,  Upper  Freeport. 


128     3 


^    112    U 


Fio.  46.— Section  in 
Ooemsey  County, 
Ohio. 


Total.. 


885     2 


Section  at  Burning  Springs^  West  Virginia. — At  Burn- 
ing Springs,  Wirt  County,  West  Virginia,  the  Barren 
Measures  have  the  following  structure  (Fig.  47),  ac- 
cording to  Mr.  Minshall: 


Burning  Springs^  Wirt  County,  West  Virginia. 

[See  map,  P  g.] 

Ft  in.    • 

1.  Pi^Abnrsh  coal 

2.  Shales 10         | 

8.  Limestone 10         > 

4.  Concealed ISO        J 

5.  Limestone,  orinoidal 

«.  Coal,  orinoidal 1  8) 

7.  Shales  10 

8.  Limestone 3  ' 

9.  Concealed 200  j 

10.  Sandstone. 40         | 

11.  ghales 40      .J 

12.  Coal,  TTpper  Freeport. 

Total « 


Ft  in. 


200 


294    8 


Fio.   47.~Section  at 

Bnming  Springs,  W. 

497    8      Va. 
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Section  near  Hunlingion^  West  Virginia. — Near  the  soathwesteni 
limit  of  the  district,  in  the  vicinity  of  HuntiDgtou,We8t  Virginia,  the 
Barren  Measures  have  the  following  strnctare  (Fig. 
[-  *~.  ":^  1  48)  according  to  the  determinations  of  Mr.  A.  G. 
Selby,  who  made  carefal  measurements  of  the  rock« 
ex})08ed  there,  and  combined  them  with  the  reooid 
of  a  boring  for  gas : 


ISf^Ji.T-fiiC'* 


'\^f 


I0«? 


.■^^:^^~ 


iasT 


|Bf  A'# 


f^f- 

^^_....... .. 

V-%V 

>:::-:-x;o 

Mi 

/,%",'»', '-\*/,* ' 

■>!♦'■' 

'\'fV:::'f 

:v>' 

_-^.  _,\  ._^y 

Fio.  4H.— Section  iH<ar 
HuutiugtoD,W.Vtt. 


lidnity  of  Huntington,  West  Virginia^  along  Ohio  Biver, 


[See  map,  S  b.] 


1.  Pittsburgh  coal 

2.  Red  shale,  oontaining  limeatone  nodoles  . 

3.  i^andstone,  fthaly 

4.  Red  shales  and  shaly  sandstone 

5.  Coal,  Little  Clarksbarg 

tt.  Sandatone,  massive,  Morgantown 

7.  Elk  Lick  coal 

a  Fireclay 

9.  Shales,  deep  red 

10.  Limestone,  crinoidal 

11.  Coal,  crinoidal 

12.  Re<l  shales 

13.  Limestone 

14.  Shales  and  sandstones 

15.  Limestone,  Lower  Cambridge 

1«.  Shales 

1 7.  Cual,  Masouto  wn 

18.  Shales 

19.  Sandstone,  Mahoning 

20.  Upper  Freeport  coal. 

Total 


28 
16 

101 
2 
50 

103 


4 

4 

175 

10 

I 

90 

125 


^  1^ 


106 


^  IS 


>  166 


This  is  nearly  twice  the  thickness  that  the  Ohio 
geologists  report  for  the  Barrens  along  the  north- 
western margin  of  their  outcrop,  but  all  of  the  meas- 
ures thicken  very  rapidly  toward  the  southeast  from 
this  portion  of  Ohio.  It  is  )ios8ible,  however,  that 
Mr.  Selby  may  have  gotten  some  of  the  elements  of 
the  section  too  thick,  since  there  is  no  single  point 
between  Huntington  and  the  Big  Sandy  where  a  ver- 
tieal  measurement  of  all  tbe  members  can  be  made. 
The  true  thickness  can  not  be  much  under  600  feet  at 
least. 
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Section  near  Cha/rleston^  West  Virginia. — In  the  vicinity  of  Charleston, 
West  Virginia,  and  jast  north  from  it,  the  Barren  Measures  attain  a 
greater  thickness  than  anywhere  else  in  the  Appala- 
chian Basin,  so  far  as  known.  The  following  structure 
(Fig.  49)  may  be  observed  along  the  Great  Kanawha 
Biver  there,  and  its  tributary,  Two-mile  Creek : 

Near  CharUstonf  West  Virginia, 

rSeemap,Sf.] 

Ft  Ft 

1.  Pittoborgh  ooftl 

2.  Concealed  red  shales  andaaodstbne 140  | 

3.  Sandstone,  massive 30  f    320 

#  4.  Red  shales,  sandstone  and  concealed 160  j 

5.  Coal,£lkLiok 1 

6.  Shales 10  | 

7.  Sandstone '      30  I     70 

8.  Shales,  marly,  frith  limestone  nodnles 30  J 

9.  limestone,  impnre  (crinoidal  horizon) 5 

10.  Dark  red  shales  with  iron  nodules 30 

11.  Shales 26 

12.  Coal,  iropnre,  Bakerstown 5 

13.  Fireclay  and  shales 6  ^    215 

14.  Sandstone, massive, pebbly.... r 30 

15.  Shales  and  sandstone 100 

16.  Shales,  with  streaks  of  coal.  Mason  town 20 

17.  Sandstone,  very  hard 26 

18.  Coal,  Mahoning 4 

10.  Massive  sandstone 75 

20.  Shales 10 

21  Coal,  Upper  Cannelton 2 

22.  Sandstone,  massive 60 

23.  Sandy  shales 15 

24.  Coal.  Middle  Cannelton , 1 

26.  Blackfllnt 6 

2C.  Shales 2 

27.  Coal,  Upper  Freeport. 

Total 800 


W^f/iia 


iiiittliliii 


189 


Fio.  40.— Section  near  Charleston,  W.  Va. 


As  may  be  seen  from  these  sections 
just  given,  many  of  the  beds  which  have 
received  distinct  names  are  not  persist- 
ent. They  occur  at  some  localities  but 
are  wanting  in  others,  and  hence  are  so 
variable  that  they  are  never  all  found  in 
one  section. 

We  shall  now  take  up  the  more  im- 
portant members  of  the  series  and  de- 
scribe them  in  more  detail  as  exhibited  at 
their  type  localities  and  elsewhere. 
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OHABAOTEBISTIC  HORIZONS. 

THB  PITTSBURGH  COAL  OKBS. 

In  Fayette  Goonty,  Peonsylvania,  a  group  of  iron  ores  come  immedi- 
ately below  the  Pittsburgh  coal,  and  have  been  mined  for  the  manufAC' 
ture  of  iron  for  nearly  75  years.  They  have  been  very  carefully  studied 
by  Stevenson,  who  describes  them  in  his  report  (KK)  of  the  Pennsylva- 
nia Geological  Survey.  He  gives  the  following  as  the  general  sectioD 
of  the  ores: 

Pittsbargh  coal 

Clay 2  to  8  feet. 

Blue  Lamp  ore 1  to  0  foot. 

•    Clay ..••• 4  inches  to  1  foot  6  inches. 

Condemned  flag  ore 1  t<fOfoot. 

Clay 4  inches  to  2  feet  6  inches. 

Big  Bottom  ore 1  foot  to  1  foot  8  inches. 

Clay 10  inches  to  5  feet. 

Red  flag  ore 2  inches  to  6  feet. 

Clay 1  to3feet^ 

Yellow  flag  ore • 4  inches. 

This  succession  does  not,  of  course,  represent  the  structure  of  the  ore 
layers  at  all  localities,  as  the  thickness  and  quality  are  constantly  vary- 
iBg. 

The  <'  Blue  Lump  "  and  the  ^<  Big  Bottom  ^  beds  are  of  the  most  im- 
portance, and  it  is  from  the  former  one  especially  that  Mr.  F.  H.  Oli- 
phant  manufactured  iron  so  long  and  successfully  at  Fairchanoe. 
These  ores  are  confined  principally  to  the  Blairsville  basin,  in  Fayette 
County,  though  they  extend  into  the  edge  of  Monongalia  CTonnty  to  the 
south,  and  have  been  recognized  on  the  edge  of  Greene  County  to  the 
west. 

When  these  ores  are  not  present  their  places  are  often  occupied  by 
ferruginous  limestones  or  shales,  though  occasionally  a  sani^stone 
stratum  comes  in  close  under  the  coal  and  cuts  out  everything  else. 
This  interval,  immediately  below  the  Pittsburgh,  for  30  to  40  feet  is 
more  variable  than  any  other  portion  of  the  Barrens,  and  hence  it  is 
useless  to  attempt  to  classify  its  rocks. 

THE  LITTLB  PnTSBURGH  COAL. 

At  a  varying  interval  of  25  to  60  feet  from  the  top  of  the  Barrens 
there  often  occurs  a  thin  and  usually  impure  coal  bed,  which  has  been 
termed  the  Little  Pittsburgh  coal,  from  the  fact  that  it  is  so  close  to 
the  great  bed  above.  The  thickness  selcom  exceeds  two  feet,  and  it  is 
often  only  half  that.  The  best  development  of  this  coal  which  tht 
writer  has  ever  seen  occurs  in  Fairfax  Knob,  Tucker  County,  West 
Virginia,  at  the  locality  of  Section  45,  where  the  bed  is  nearly  4  feet 
thick  and  is  locally  known  as  the  ^^  coking  vein,"  from  the  fact  that  it 
has  the  typical  structure  of  a  good  coking  coal. 
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Occasionally  there  appear  to  be  two  of  these  beds,  one  at  20  to  30 
feet  below  the  Pittsburgh  and  the  other  at  50  to  75  feet  below,  but 
they  may  probably  both  be  splits  flrom  the  same  bed. 

The  Little  Pittsburgh  coal  is  quite  persistent  at  the  northern  end  of 
the  Appalachian  coal  *  basin,  but  it  disappears  south  westward  across 
West  Virginia  and  is  seldom  seen  beyond  Harrison  County.  It  also 
fades  away  southward  in  Ohio,  since  it  does  not  appear  in  any  of  the 
Ohio  sections,  unless  it  should  be  the  "  Jeffers^'  coal  of  Prof.  Andrews, 
in  Gallia  County.  That,  however,  may  possibly  represent  the  Pitts- 
burgh bed.  In  the  vicinity  of  Wellersburg,  Somerset  County.  Penn- 
sylvania, there  appear  to  be  two  of  these  Little  Pittsburgh  beds,  and 
the  upper  contains  3  to  4  feet  of  good  coal,  while  the  lower  is  only  18 
inches  thick. 

THE  PITTSBURGH  LIMESTONES. 

\ 

There  are  very  frequently  two  limestones  in  the  shale  interval  of  50 
to  75  feet  below  the  Pittsburgh  coal,  one  of  which  comes  above  the 
Little  Pittsburgh  coal  and  the  other  a  few  feet  below.  They  are  both 
known  under  the  general  name  of  Pittsburgh  limestone ;  but  it  would 
be  better  to  call  the  first  one  Upper  Pittsburgh  and  the  other  one 
Lower  Pittsburgh.  The  first  is  seldom  more  than  3  to  5  feet  thick,  but 
the  latter  is  occasionally  much  thicker,  as  it  is  the  more  persistent  of 
the  two,  being  purer  and  frequently  quarried  and  burned  into  lime  for 
agricultural  and  other  purposes. 

THE  CONNELLSVILLE  SANDSTONE. 

At  a  short  interval  under  the  Lower  Pittsburgh  limestone  there  is 
often  found  a  massive  sandstone  which  is  frequently  conglomeritic. 
This  rock  rises  from  the  bed  of  the  Toughiogheny  River  at  Conuells- 
ville,  and  was  named  from  that  locality  by  Dr.  Stevenson.  Being  one 
of  the  cliff  rocks  in  the  Barren  Measures,  it  has  played  an  important 
part  in  shaping  their  topography.  It  is  especially  bard  and  massive 
in  the  Cumberland  or  Georges  Creek  basin,  and  the  rounded  hills 
which  hold  the  " Big"  (Pittsburgh)  "  vein''  rest  on  a  platform  of  this 
rock,  which,  owing  to  its  erosion-resisting  power,  makes  a  bold  terrace 
far  up  the  mountain  sides  after  all  the  soft  beds  above  have  disappeared. 
It  is  this  great  bed  of  pebbly  sandstone  that  caps  the  summits  in  the 
center  of  the  trough  south  from  Elk  Garden,  after  the- Pittsburgh  coal 
has  disappeared,  forming  almost  level  plateaus  over  thousands  of  acres 
where  the  great  Pittsburgh  bed  is  missed  by  an  interval  of  only  50  to 
60  feet. 

The  same  pebbly  sandstone  marks  the  summits  of  the  hills  at  Beliiig- 
ton,  Barbour  County,  West  Virginia,  and  forms  huge  cliffs  at  many 
points  along  the  Monongahela  Biver  between  Fairmont  and  Morgan- 
town. 

At  Connellsville  the  top  of  this  stratum  lies  about  60  feet  under  the 
Pittsburgh  coal ;  but  this  interval  is  sometimes  as  small  as  40  feet,  and 
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again  increases  to  80  or  90.  When  not  pebbly  it  fireqtiently  famishes 
excellent  building  stone.  The  thickness  varies  from  25  to  50  feet,  but 
it^  is  often  abseot  as  a  massive  rock,  and  then  its  place  is  filled  with 
sandy  shales  or  flaggy  sandstone. 

THE  UTTLB  CIARKBBUKO  COAL. 

By  this  name  has  been  designated  a  bed  of  slaty  coal  which  occa- 
sionally makes  its  appearance  close  under  the  Oonnellsville  sandstone, 
and  100  to  125  feet  below  the  Pittsburgh  coal. 

At  Clarksburg,  West  Virginia,  the  coal  in  question  crops  oat  along 
the  bed  of  Elk  Greek  for  a  considerable  distance,  and  is  1}  to  2  feet 
thick,  but  poor  and  slaty.  It  is  called  Little  Clarksburg  to  distinguish 
it  from  the  Pittsburgh  coal,  which  is  extensively  mined  in  the  vicinity 
of  that  town,  and  is  locally  known  as  the  Clarksburg  bed. 

Very  frequently  this  coal  is  represented  by  a  bed  of  black  slate, 
which  is  filled  with  fish  remains,  teeth,  scales,  etc  The  deposit  in 
question  is  rarely  more  than  1^  to  2  feet  thick,  and  is  often  absent 
altogether,  so  that  it  is  of  very  little  economic  importance,  thougrh  in 
the  Wellersburg  region  of  Somerset  County,  Pennsylvania,  it  attains 
a  thickness  of  nearly  6  feet,  and  contains  some  good  coal,  being  known 
asthe«G-foot^bed. 

THE  CULRKSBUR6  UMl^TONS. 

Directly  under  the  last  described  coal  there  often  occurs  a  limestone 
which  is  finely  exposed  in  the  vicinity  of  Clarksburg,  along  the  bed  of 
Elk  and  the  West  Fork  River.  The  upper  portion  is  there  rather 
slaty,  and  filled  with  fossil  ostracoids  and  fish  remains.  The  next  layers 
under  this  are  very  compact,  and  come  out  in  peculiar  rhomboidal 
blocks.  This  entire  limestone  series  is  20  to  30  feet  thick,  and  some  of 
the  layers  are  quite  ferruginous,  so  much  so  that  they  were  mined  for 
ore  many  years  ago  at  an  old  charcoal  furnace  on  Elk.  Some  iron  ore 
was  also  obtained  near  Clarksburg  from  the  roof  shales  just  above  the 
Little  Clarksburg  coal,  and  used  in  this  furnace.  The  Clarksburg 
limestone  is  rather  widely  distributed  in  Pennsylvania  and  northern 
West  Virginia,  and  is  frequently  mined,  since  many  of  its  layers  fur- 
nish good  lime  for  fertilizing  and  building  purposes. 

THE  MORGANTOWX  SANDSTONE. 

At  25  to  40  feet  under  the  Clarksburg  limestone,  and  separated  from 
it  by  soft  shales,  we  find  one  of  the  great  sandstone  horizons  of  the 
Barren  Measures.  This  rock  was  named  by  Dr.  Stevenson  fh>m  its 
fine  exposure  at  Morgantown,  West  Virginia,  where  it  has  been  exten- 
sively quarried  and  used  in  building  the  State  University  and  other 
structures.  At  this  typical  locality  the  top  of  the  stratum  lies  about 
200  feet  below  the  Pittsburgh  coal,  and  the  thickness  of  the  sandstone 
is  25  feet.  It  is  of  a  yellowish  gray  cast,  of  medium  grain  and  hard- 
ness, and  splits  readily  into  blocks  of  any  desirable  size.    Scattered 
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through  the  rock  are  stains  of  peroxide  of  iron  and  also  a  considerable 
qaantity  of  feldspar  grains,  which  are  generally  decomposed,  thns 
giving  the  sarface  of  the  stone  a  mealy  look.  In  some  of  the  crevices 
and  cavities  of  the  sandstone  pure  kaolin  has  accamalated  from  this 
scarce.  The  base  of  the  sandstone  is  often  conglomeritic  and  some- 
times brecciated. 

This  is  a  quarry  sandstone  nearly  everywhere  that  its  outcrop  ex- 
tends. All  along  the  Monongahela  River  it  has  been  quarried  and 
used  in  building  the  locks  of  the  Slack  Water  Company.  The  stone 
dam,  No.  9,  was  built  of  rock  from  this  stratum.  It  is  one  of  the  most 
persistent  members  of  the  Barren  Measures,  and  often  makes  high 
cliffs.  It  caps  the  hills  in  the  vicinity  of  Grafton,  West  Virginia, 
where  it  is  also  quarried,  and  it  makes  a  line  of  conspicuous  blufiis  from 
there  to  beyond  Newburg,  along  Three  Fork,  and  far  up  into  Barbour 
Coanty  along  the  Valley  River.  Along  the  North  Potomac  River,  in 
Minecal,  Orant,  and  Garrett  Counties,  the  same  rock  is  found,  and  on 
the  Great  Kanawha,  Guyandotte,  Big  Sandy,  Big  and  Little  Muskin- 
gum, and  other  tributaries  of  the  Ohio,  this  bed  is  generally  conspicu- 
ous. At  Huntington,  West  Virginia,  on  the  banks  of  the  Ohio,  it  is  50 
to  60  feet  thick,  while  on  Crooked  Run,  Monongalia  County,  near  the 
Pennsylvania  line,  the  stratum  is  100  feet  thick.  It  is  the  first  oil  rock 
on  Dunkard  Creek,  and  some  of  the  wells  produced  largely  irom  it.  In 
the  deep  borings  of  Washington  County,  Pennsylvania,  where  it  under- 
lies the  surface  500  to  ].,000  feet,  this  stratum  is  35  to  50  feet  thick,  and 
generally  contains  salt  water. 

THE  ELK  LICK  COAL. 

Immediately  under  the  Morgantown  sandstone,  or  separated  from  it 
by  only  a  few  feet  of  shale,  there  comes  a  coal  of  very  wide  distribution 
which  occasionally  attains  workable  dimensions. 

This  name  was  given  the  coal  in  question  by  the  First  Geological  Sur- 
vey of  Pennsylvania,  but  the  place  of  the  bed  in  the  series  remained 
uncertain  till  Messrs.  Piatt,  of  the  Second  Survey,  recently  deter- 
mined the  matter  finally  by  identifying  the  massive  sandstone  above  it 
at  the  typical  locality  as  the  Morgantown. 

This  coal  attains  a  thickness  of  4  feet  in  Somerset  County,  Penn- 
sylvania, and  has  there  been  mined  to  a  considerable  extent  for  local 
nse. 

In  Westmoreland,  Fayette,  and  Alleghany  it  seldom  exceeds  2  feet, 
and  is  generally  less,  but  quite  persistent. 

In  Preston  County,  West  Virginia,  north  from  Cheat  River,  this  bed 
has  been  mined  to  a  considerable  extent  and  Is  known  as  the  ^<  top 
vein."  In  the  summits  near  Bruceton  it  is  4  feet  thick  and  a  rather 
$rt>od  coal. 

At  Morgantown  it  is  nearly  4  feet  thick,  but  rather  poor  and  slaty. 

South  from  Monongalia  County,  it  is  occasionally  seen,  but  is  not  so 
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thick  38  at  the  northern  end  of  the  field.  At  i&lenville,  Gilmer  Oonnty, 
it  is  in  the  bed  of  the  Little  Kanawha  Kiver,  and  18  to  20  inches  thicL 

The  same  coal  is  also  recognizable  on  the  Big  Kanawha,  bat  is  then 
qnite  thin.  In  the  section  (48)  at  Hantlngton,  West  Virginia,  Mr. 
Selby  finds  this  coal  2  feet  thick  bnt  very  slaty. 

It  is  not  often  reported  by  the  Ohio  geologists,  and  hence  may  fn- 
qnently  be  absent  from  the  measures  in  that  State. 

THS  BLK  UCK  UMESTONB. 

In  sections  37  and  43,  a  limestone  is  seen  at  a  short  interval  below 
the  Elk  Lick  coal,  and  from  its  occnrrence  at  this  horizon  in  Somerset 
County,  Pennsylvania,  it  has  been  termed  the  Elk  Lick  limestone  by 
Mr.  Franklin  Piatt,  of  the  Second  Geological  Survey,  Pennsylvania. 
The  stratum  in  question  occurs  at  200  to  240  feet  under  the  Pittsburgh 
coal,  and  is  not  always  present. 

As  exhibited  in  Somerset  County,  Pennsylvania,  this  limestone  is  of 
a  light  gray  color,  and  often  tinged  with  buff,  the  same  being  true  of  it 
in  Monongalia.  Piatt  reports  it  as  12  feet  thick  in  Somerset,  bnt  in 
Monongalia  it  is  only  about  half  that,  and  is  not  persistent. 

THB  CRINOIDAL  UMKSTONK  (ORBRN  FOSSIUFEROUS  LIH88T0IfX,  AMBS    UmSTONl). 

The  next  step  downward  in  the  rocks  takes  us  to  a  very  important 
horizon  and  one  which  marks  a  change  from  fresh  or  brackish  wat47 
deposits  to  marine  conditions,  for  here  we  get  abundant  marine  fossils 
for  the  first  time  in  descending  the  column  of  rocks. 

The  bed  in  which  these  fossils  occur  has  received  several  names. 
The  geologists  of  the  First  Geological  Survey  of  Pennsylvania  called 
it  the  Green  Possiliferous  limestone,  the  Ohio  Survey  has  termed  it  the 
Ames  limestone,  while  the  Second  Geological  Survey  of  Pennsylvania 
has  termed  it  the  Crinoidal  limestone.  This  latter  name  is  so  well 
known  now  in  geofogical  literature  that  it  is  probably  best  to  let  it  stand, 
though  as  a  synonym  and  geographical  designation  the  Ames  lime- 
stone may  be  retained. 

The  character  of  this  stratum  and  its  fossils  have  been  admirably 
worked  out  by  StevensQu,  who  first  showed  its  importance  as  a  strati- 
graphical  horizon.  It  comes  almost  exactly  midway  in  the  Barren 
series,  and  hence  it  is  a  constant  datum  from  which  the  geologist  can 
measure  either  upward  or  downward  to  identify  the  rocks. 

When  once  thoroughly  known  it  can  not  be  confused  with  any  other 
rock  in  these  measures,  since  it  is  the  highest  bed  that  contains  abun- 
dant Brachiopods  and  Lamellibranchs.  and  its  litbology  is  distinctly  dif- 
ferent from  anything  else.  Prof.  Stevenson  thus  aptly  describes  its 
general  features :  ^'  Dark  bluish  or  greenish  gray,  tough,  and  breaks 
with  a  granular  surface  much  resembling  that  of  a  coarse  sandstone. 
*  *  *.  In  all  cases  it  is  fossiliferous  and  contains  immense  numbers 
of  crinoidal  stems  and  spines  or  plates." 
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Its  common  fossils  are:  Prodticttcs  N^ebraacensiSj  P.  Prattenianus^  P: 
longispimis.  P.  seini-retioulatuSy  Hemipronites  crassus^  Spirifera  cdmeratdj 
S.  planO'Canvexa,  Aihyris  subtilita^  Lophophyllum  proliferum^  Zeacrinus 
muorospinusj  together  with  the  uudetermined  plates  and  stems  of  cri- 
iioids. 

Throughout  Pennsylvania  this  stratum  comes  about  276  to  300  feet 
below  the  Pittsburgh  coal,  and  the  same  distance  above  the  Upper 
Freeporty  though  occasionally  this  last  interval  is  increased  to  350  feet. 
The  rock  is  rarely  more  than  2  feet  thick,  and  often  not  so  much,  but  is 
^wonderfully  persistent.  Even  when  not  present  as  limestone  its  hori- 
zon is  almost  invariably  made  known  by  the  fossiliferous  shales  which 
accompany  th^  bed. 

Through  Ohio  this  rock  is  almost  continuously  present  from  the  point 
where  it  enters  the  State  near  Steubenville  clear  around  to  where  it 
leaves  it  at  the  Kentuc)iy  line  near  Catlettsburg. 

Opposite  Steubenville  the  bed  is  8  to  10  feet  thick,  but  this  is  unusual, 
since  it  is  only  1  to  3  feet  at  most  points  in  Ohio. 

The  interval  between  this  rock  and  the  Pittsburgh  coal  decreases 
westward  to  200  feet  on  the  Ohio  River  at  Wellsburg,  and  farther  wtost 
in  Ohio  the  interval  still  further  declines  to  140  feet,  but  where  it  leaves 
the  State  at  the  southwest  it  increases  again  and  gets  to  be  300  feet 
opposite  Huntington,  West  Virginia. 

Through  this  latter  State  the  limestone  holds  its  place  very  regularly 
in  the  series  from  the  Pennsylvania  line  southward  into  Harrison  and 
Lewis  Counties,  and  it  is  also  present  on  the  Volcano  uplift  at  Burn- 
ing Springs  and  other  points,  still  holding  its  characteristic  fossils.  It 
disappears,  however,  in  passing  from  tbis  Little  Kanawha  region  south- 
ward to  the  Big  Kanawha,  for  when  we  come  to  this  latter  stream  the 
fossiliferous  limestone  is  gone,  and  its  horizon  replaced  near  Charles- 
ton by  a  thin,  impure  limestone  which  holds  only  minute  fresh  water 
forms.  It  is  highly  probable,  however,  that  the  crinoidal  bed  comes  in 
again  a  few  miles  north  from  Charleston,  since  on  the  Big  Sandy  it  was 
followed  20  to  25  miles  above  the  mouth  of  that  stream,  and  there  it 
still  retains  its  crinoidal  phase,  though  getting  very  impure  where  last 
seen  in  that  valley. 

THE  CRINOIDAL  COAL. 

Immediately  under  the  last  described  limestone  we  very  often  find  a 
thin  coal  bed,  which  seldom  exceeds  18  inches  in  thickness,  and  hence 
is  of  very  little  economic  importance.  In  Somerset  County,  Pennsylva- 
nia, Mr.  Franklin  Piatt  identified  with  this  coal  No.  8  of  the  Berlin  (37) 
section,  a  very  impure,  slaty  bed,  occurriug  in  several  layers  in  the  vi- 
cinity of  Berlin,  where  it  is  altogether  7  feet  thick,  and  locally  known 
as  the  Piatt  coal.  If  this  identification  be  correct,  this  is  the  greatest 
development  the  coal  ever  attains. 

There  is  only  one  other  locality  besides  the  Berlin  region  where 
this  coal  has  been  mined  to  any  considerable  extent,  and  that  is  at 
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Barning  Spring,  Wirt  Coanty,  West  Virginia.  Here  it  was  mined 
and  used  for  fael  in  drilling  the  namerons  oil  wells  once  put  down  there, 
and  it  is  still  taken  oat  on  a  small  scale  for  domestic  pnrposea,  thongk 
only  20  inches  thick.  Some  very  finely  preserved  fossil  Brachi(^)od8 
and  Lamellibranchs  have  been  obtained  from  the  roof  shales  of  the 
coal  at  Bnrning  Springs,  since  it  there  comes  only  2  to  5  feet  briow  tbe 
Grinoidal  limestone. 

The  "Weller"  coal,  near  Wellersborg,  Pennsylvania,  is  probably 
identical  with  this  bed. 

RED  SHALE  BEDS. 

Thronghont  most  of  the  Pennsylvania  and  West  Virginia  region,  tlie 
Grinoidal  limestone  is  underlaid  by  very  soft,  red,  and  variegated  shales, 
and  marly  clays.  They  make  a  broad  red  band  in  tbe  soil  wherever 
they  extend,  and  are  a  great  nnisance  along  roads  and  railroads,  since 
when  wet  they  decompose  into  a  greasy  mud,  which  produces  many 
landslides  and  slips. 

It  is  this  stratum  which  causes  so  much  trouble  to  the  oil  and  gas 
drillers  of  southwestern  Pennsylvania  and  the  adjoining  regions  of 
West  Virginia,  since  it  is  so  easily  reduced  to  mud,  which  runs  into  tiie 
hole  and  Alls  it  up,  so  that  casing  must  be  put  through  the  stratum  as 
soon  as  the  drill  has  penetrated  it  From  this  tendency  to  slide  out 
into  the  drill  hole,  it  is  termed  by  the  oil  drillers  the  "  caving  ^  rock. 

Over  a  large  portion  of  Ohio  and  in  many  regions  of  West  Virginia 
a  hard,  bluish  gray  limestone,  not  at  all  or  but  sparingly  fossiliferous, 
occurs  near  the  center  of  this  shale  interval.  The  bed  is  3  to  10  feet 
thick,  and  in  Ohio  is  generally  called  the  Ewing  limestone.  It  is  shown 
in  the  West  Virginia  sections  at  Burning  Springs  (47)  and  at  HuntiDg- 
ton  (48),  and  it  is  recognizable  at  many  other  points  in  the  State. 

The  rest  of  the  Barren  Measures  from  this  red  shale  down  to  the  Ma- 
honing sandstone  is  extremely  variable.  Sometimes  it  is  nearly  all 
shales,  much  of  which  is  red,  and  ^^  caves"  in  drilling  through  it>,  just 
like  that  under  the  Grinoidal  limestone,  and  again  as  in  the  Berlin  sec- 
tion (37)  it  contains  3  or  4  coal  beds,  and  as  many  limestones.  Some  of 
these,  however,  are  rather  persistent  and  will  be  referred  to  in  detail, 

THE  BAKERSTOWN  C6aL. 

At  some  localities  in  western  Pennsylvania  a  bed  of  coal  is  found  75 
to  90  feet  under  the  Grinoidal  limestone.  This  bed  is  mined  in  the  vi- 
cinity of  Bakerstown,  Alleghany  Gounty,  and  it  has  been  designated 
from  that  village.  As  there  exhibited,  it  is  not  quite  3  feet  thick  and 
rather  slaty.  In  the  Berlin  region  a  coal  called  the  Price  bed  seems  to 
eome  at  this  horizon.  It  is  about  4  feet  thick  and  furnishes  some  val- 
uable fuel  in  Somerset  Gounty. 

In  Section  37  will  be  found  some  thin  coal  beds  under  the  Price  coal, 
which  are  rarely  represented  in  any  other  section  of  the  Barrens. 

Digitized  by  CjOOQ  IC 


WHIT1.1  THE   BARREN   MEASURES.  93 

Among  these  are  the  Oolemao,  Philson,  and  the  one  a  few  feet  under 
the  Price  bed;  but  they  are  all  local,  though  occasionally  we  find  traces 
of  some  of  them  in  other  regions  than  Somerset  Goanty.  This  whole 
interval  for  100  feet  below  the  Grinoidal  limestone  is  so  extremely  vari- 
able that  the  classification  for  one  region  is  of  v^ry  little  nse  in  another. 
An  instance  of  this  is  seen  at  Saltsburg,  Pennsylvania,  where  a  great 
sandstone  100  feet  thick  comes  into  the  series  a  few  feet  nuder  the 
Grinoidal  limestone  horizon.  This  was  termed  the  Saltsbnrg  sandstone 
by  Stevenson,  bat  it  is  hardly  persistent  enough  to  classify  as  a  regu- 
lar member  of  the  Barrens.  In  the  Gharleston,  West  Virginia,  region 
a  massive  pebbly  sandstone  occurs  not  far  from  the  horizon  of  the 
Saltsburg  rock,  and  the  one  which  caps  the  hills  at  the  mouth  of  the 
Big  Sandy  Biver  may  be  identical  with  the  same  bed. 

THE  CAMBBIDGB  LIMESTONES. 

At  many  localities  in  Ohio  two  dark  fossiliferous  limestones  occur 
only  20  to  30  feet  apart,  and  Prof.  Orton,  director  of  the  Ohio  Geologi- 
cal Survey,  has  named  them  respectively  the  Upper  and  Lower  Gam- 
bridge  limestones.  In  Ohio  these  beds  generally  occur  from  90  to  130 
feet  under  the  Grinoidal  limestone  and  are  always  very  fossiliferous. 

In  many  regions  of  Pennsylvania  two  dark  fossiliferous  limestones 
occur,  which  correspond  to  the  two  in  Ohio,  only  there  they  are  60  to 
70  feet  apart,  and  the  upper  one  90  to  120  feet  under  the  crinoidal  bed, 
while  the  lower  one  is  150  to  190  feet  below  the  same  horizon.  I  have 
identified  the  two  in  Pennsylvania  with  the  two  in  Ohio,  and  have  also 
adopted  the  Ohio  names,  since  the  Pennsylvania  beds  are  known  under 
several  names  in  different  parts  of  the  field,  while  the  Ohio  names  are 
now  well  established.  The  upper  one  is  the  lighter  colored  of  the  two, 
and  while  generally  fossiliferous,  the  fossils  are  not  so  abundant  as  in 
the  lower  limestone.  This  upper  one  was  termed  the  Pine  Greek  lime- 
stone in  my  Beport  Q  of  the  Pennsylvania  Survey,  while  in  Somerset 
Gonnty  it  seems  to  be  identical  with  the  Goleman  limestone  of  Piatt. 

At  Morgantown,  West  Virginia  (Section  42),  this  bed  is  dark,  quite 
fossiliferous,  and  lies  85^  feet  below  the  Grinoidal  limestone. 

The  term  Black  Fossiliferous  limestone  of  the  First  Pennsylvania 
Geological  Survey  Reports  was  probably  applied  quite  as  often  to  this 
upper  rock  as  to  the  lower  one,  since  at  times  they  very  closely  re- 
semble each  other,  and  contain  practically  the  same  fossils. 

The  interval  separating  the  two  limestones  is  generally  shale  in  Ohio, 
but  in  Pennsylvania  it  is  sometimes  a  massive  sandstone,  and  60  to  90 
feet  thick. 

The  Lower  Gambridge  limestone  is  identical  with  the  one  termed 
Brush  Greek  limestone  by  the  writer  in  Beport  Q,  Second  Geological 
Survey  of  Pennsylvania,  but  the  geological  horizon  of  that  limestone 
was  there  placed  lower  than  it  shoulid  have  been  by  50  to  CO  feet,  since 
it  was  considered  to  belong  between  the  two  members  of  the  Mahoning 
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sandstone,  instead  of  above  both  members,  and  hence  the  term  Brash 
Greek  limestone  shoald  be  dropped  from  the  nomenclature,  and  Lower 
Cambridge  substitnted.  This  lower  limestone  is  very  foHsiliferons, 
often  being  a  mere  mass  of  Brachiopods  and  Lamellibranchs,  of  whUA 
the  most  common  are  Ohanetes  mesoloba,  Athyris  subtilitOj  Prudmetm 
Nebraoensis  and  a  large  Solenomya,  together  with  Nautilus  occidentaKi 
and  Orthoceras  eribrosum. 

This  bed  seems  to  be  quite  as  persistent  in  Ohio  as  the  Grinoidal 
limestone,  since  it  is  present  in  almost  every  section  at  the  proper 
horizon,  from  Steubenville  clear  aroand  to  Ironton,  near  which  latter 
poiot  it  is  only  75  feet  above  the  base  of  the  Barrens. 

In  the  hills  at  Gatlettsbnrg,  Keutacky,  a  dark  fossiliferons  limestone 
occnrs  at  160  feet  above  the  Upper  Freeport  coal,  but  this  is  probably 
the  Upper  Cambridge,  and  the  same  limestone  occurs  in  the  summits 
of  the  bills  opposite  Louisa,  Kentucky,  at  200  feet  above  the  Upper 
Freeport  bed.  It  is  barely  possible,  however,  that  this  may  be  the 
Lower  Cambridge  limestone,  since  the  Barrens  thicken  very  rapidly 
southward  from  their  northwestern  outcrop.  In  the  Berlin  section, 
(37),  the  Lower  Cambridge  limstone  appears  to  be  represented  by  the 
Philsou  limestone  of  Piatt.  The  ''  calcareosiliceous  rock''  of  Hildreth, 
in  Ohio,  appears  to  represent  the  same  bed. 

THE  MASONTOWN  COAL. 

At  an  interval  of  5  to  20  feet  below  the  Lower  Cambridge  lime- 
stone there  occurs  a  coal  bed  which  has  quite  a  wide  distribution.  It 
attains  its  best  development  in  the  region  of  Masontown,  PrestOD 
County,  West  Virginia,  and  it  has  been  designated  from  that  village. 
It  is  there,  aud  at  many  other  points  in  the  Preston  basin,  mined  for 
domestic  purposes,  being  known  as  the  ^^  4-foot  ^  bed,  and  is  a  dry, 
open-burning  coal,  highly  prized  for  domestic  fuel.  It  is  everywhere 
preferred  to  the  Upper  Freeport,  which  is  acce.ssible  in  the  same 
region. 

This  appears  to  be  the  same  bed  which  the  writer  described  in  Re- 
port Q,  Second  Geological  Survey  of  Pennsylvania,  under  the  name  of 
Brush  Creek  coal,  since  a  diamond  drill  hole  has  recently  shown  that 
the  Brush  Creek  bed  lies  135  feet  above  the  Upper  Freeport  coal  instead 
of  75,  as  formerly  supposed,  and  hence  it  is  deemed  best  to  drop  the 
name  Brush  Greek  altogether  for  both  the  coal  and  the  limestone^ 
This  Masontown  coal  is  generally  the  first  one  above  the  top  of  the 
Mahoning  sandstone,  and  the  interval  separating  it  from  the  latter  varies 
from  5  to  50  feet.  Very  frequently  the  coal  is  only  one-half  to  1  foot 
thick,  and  sometimes  it  is  represented  only  by  black  slate, 

l^ear  Oallitzin,  Pennsylvania,  it  is  seen  in  a  cut  on  the  old  Por- 
tage Bailroad,  where  it  is  only  one-half  foot  thick,  but  it  is  overlaid  by 
3  to  4  feet  of  black  slate.    The  coal  is  here  140  feet  above  the  Upper 
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Freeport  coal  as  measured  in  the  McOoy  shaft,  which  starts  at  the  hon* 
zon  of  the  Masontown  bed. 

This  coal  is  reported  as  present  at  many  localities  in  Ohio,  tboagb 
there  it  seldom  exceeds  2  feet  in  thickness.  It  is  probably  this  bed 
which  has  been  opened  near  the  sammit  of  the  hill  opposite  Louisa, 
Kentucky,  where  it  is  2  &et  thick  and  rather  slaty. 

In  the  Belington  basin,  Barbour  County,  West  Virginia,  this  coal 
attains  a  fine  development  and  is  often  4  to  5  feet  thick  with  6  inches 
of  bony  ooal  near  the  center. 

THE  IBONDALE  LIMESTONE  AND  ORE. 

Directly  under  the  Masontown  coal  there  is  occasionally  found  a  bed 
of  buffish  gray  limestone,  which  at  Irondale,  Preston  County,  West 
Virginia,  and  adjoining  regions,  is  accompanied  by  a  bed  of  iron  ore 
immediately  under  the  limestone. 

When  the  ore  is  present,  however,  the  coal  above  is  generally  absent, 
as  is  the  case  at  Irondale  and  Gladeville,  Preston  County,  where  the  ore 
has  been  used  to  a  considerable  extent  It  varies  in  thickness  from  1 
to  2  feet,  and  is  rather  sihceons,  there  being  only  about  38  per  cent  of 
metallic  iron  in  the  ore.  It  comes  155  feet  above  the  Upper  Freeport 
coal,  and  hence  its  horizon  is  assigned  to  that  of  the  Masontown  coal, 
since  the  interval  agrees,  ^nd  then  a  similar  limestone  3  feet  thick,  is 
seen  under  the  coal  at  Albright  and  other  localities  in  Preston  County: 

THE  MAHONING  SANDSTONE. 

This  is  the  lowest  sandstone  deposit  of  the  Barren  Measures,  ^nd  al- 
though at  times  consisting  of  one  solid  rock,  yet  it  is  generally  complex. 
The  usual  rule  is  for  the  mass  to  divide  into  two  sandstones,  an  Upper 
and  Lower  Mahoning,  each  40  to  50  feet  thick,  with  a  shale  interval 
between  containing  a  coal  bed  and  limestone  or  iron  ore,  but  sometimes 
when  the  group  reaches  a  great  development,  as  on  the  Big  Kanawha 
(Section  49),  it  contains  three  coal  beds,  and  as  many  saudstone  divi- 
sions. This  is  exceptional,  however,  the  normal  structure  having  only 
two  sandstones  with  one  included  coal,  the  whole  series  being  100  to 
150  feet  thick. 

The  wild  scenery  and  poor  soil  of  the  lower  portion  of  the  Barrens 
are  largely  due  to  these  sandstones.  Being  frequently  quite  hard  and 
even  pebbly,  they  cap  the  hills  long  after  all  the  other  members  of  the 
Barrens  above  have  disappeared,  and  they  have  thus  protected  the 
underlying  Lower  Coal  Measures  over  wide  areas  \^here  the  latter 
would  otherwise  have  been  carried  away  by  erosion. 

In  Wyoming  County,  West  Virginia,  they  cap  the  summits  of  Guy- 
audotte  Mountain  at  an  elevation  of  3,000  feet  above  the  sea.  Much  of 
the  Lower  loal  Measures  between  that  mountain  and  the  Great  Ka- 
nawha Biver  would  have  been  swept  away  but  for  this  massive  coping. 

It  is  the  same  friendly  cover  that  has  preserved  large  areas  of  the 
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Ck>al  Measares  on  the  summits  of  the  Alleghany  MoaDtains,  and  in  iso- 
lated basins  like  Broad  Top.  The  great  tunnels  on  the  Pennsylvania 
and  Baltimore  and  Ohio  Kailroads,  Gallitzin  and  Kingwood  respect- 
ively,  pass  nnder  domes  of  this  sandstone  group.  Some  portious  of 
this  sandstone  nearly  always  furnish  good  building  rock,  the  Govern- 
ment looks  on  the  Oreat  Kanawha  being  constructed  of  it.  The  same 
stone  is  also  largely  quarried  along  the  Ohio  Biver  hills  in  Beaver 
County,  Pennsylvania, 

The  Upper  Mahoniog  is  generally  more  massive  than  the  Lower  one, 
and  is  the  conglomeritic  member,  since  it  is  often  a  mere  mass  of  quartz 
pebbles,  having  once  been  quarried  for  mill  stones  on  Cheat  River  near 
Morgantown.  In  the  Great  Kanawha  region  this  rock  is  extremely 
hard  and  siliceous,  and  at  many  points  a  mere  bed  of  pebbles,  some  of 
-which  are  as  large  as  an  egg. 

THE  MAHONING  COAL. 

This  is  the  coal  bed  which  is  so  often  bound  up  between  the  two 
great  divisions  of  the  Mahoning  sandstone. .  It  was  formerly  called 
the  Brush  Creek  by  the  writer,  but  as  the  place  of  that  coal  was  mis- 
understood,  it  is  thought  best,  as  already  stated,  to  drop  the  name  en- 
tirely, and  replace  it  with  the  name  Mahoning,  since  it  comes  in  the 
middle  of  the  Mahoning  sandstone.  It  is  possible  that  the  Gallitzio 
coal  of  Piatt  in  Cambria  and  Blair  Counties  may  belong  at  this  horizon, 
but  owing  to  the  uncertainty  connected  therewith  it  has  been  deemed 
best  not  to  adopt  that  name. 

This  is  a  very  widely  distributed  coal  bed,  and  fluently  attains 
commercial  importance.  It  is  the  coal  No.  7  of  the  eastern  Ohio  series, 
where  it  is  3  feet  thick  and  very  excellent  fuel.  It  is  mined  at  aianj 
localities  in  Ohio,  as  well  as  in  Pennsylvania. 

On  the  Great  Kanawha  Biver,  a  few  miles  above  Charleston,  this  bed 
swells  out  to  a  thickness  of  17  feet  in  the  vicinity  of  Coalburg;  bat 
much  of  this  is  slate  and  bone,  there  being  only  5  to  6  feet  of  good  coal 
in  the  bed.  There  is  probably  a  considerable  area  of  this  coal  of  mer- 
chantable thickness  in  the  region  southwest  from  the  Great  Kanawha, 
since  it  is  several  feet  thick  along  the  summits  of  ridges  in  the  Huff 
Creek  Mountains,  at  the  southern  line  of  Logan  County,  and  the  same 
bed  is  5  feet  thick  along  the  Tug  branch  of  Big  Sandy,  and  in  the 
Peach  Orchard  region  of  Kentucky,  where  it  occurs  235  feet  above  the 
Peach  Orchard  bed  (Winnifrede).  The  coal  is  quite  hard,  and  in  many 
places  a  ^^  block"  coal  through  this  southwestern  region.  The  interval 
of  this  bed  above  the  base  of  the  Barren  Measures  varies  from  50  to 
175  feet,  this  latter  being  the  figure  at  Coalburg  and  Peach  Orchard. 

TUE   MAHONING   UMESTONK. 

Occasionally  a  limestone  comes  into  the  series  immediately  nnder  the 
Mahoning  coal.    In  Beaver  County,  Pennsylvania,  it  is  often  5  to  8  fee( 
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thick,  and  is  locally  termed  the  ^<  Summit"  limestone.  It  is  not  a  per- 
sistent bed|  being  much  less  so  than  the  coal  of  the  same  name  above, 
and  when  present  it  is  often  impure  and  ferruginous.  In  fact  it  is  occa- 
sionally an  iron  ore,  the  Johnstown  ore  of  Pennsylvania  being  identical 
with  this  stratum. 

THB  UPPER  AND  MIDDLB  OANNBLTON  00AL8. 

Along  the  Great  Kanawha,  where  all  of  the  measures  have  thickened 
up  so  abnormally,  two  other  coal  beds  make  their  appearance  in  the 
Barren  series  below  the  Mahoning  coal,  and  they  have  been  termed  the 
Upper  and  Middle  Oannelton,  from  a  locality  on  the  Kanawha  where 
both  are  exposed.  The  former  has  there  been  mined  for  a  long  time  in 
the  summit  of  the  hills,  where  it  furnishes  5  feet  of  excellent  ^^  block'' 
coal.  It  comes  90  feet  above  the  base  of  the  series,  but  the  interval 
constantly  decreases  northward,  and  at  Oharleston  is  only  40  to  50 
feet.  As  this  interval .  decreases  the  coal  becomes  inferior,  until  at 
Charleston  it  is  represented  by  some  coaly  streaks  only,  about  the  mid- 
dle of  the  Lower  Mahoning  sandstone. 

The  Middle  Oannelton  coal  never  attains  commercial  value,  and  is 
found  only  in  the  region  of  Oannelton  and  southward.  It  is  slaty, 
worthless,  never  more  than  3  feet  thick,  and  comes  20  to  25  feet  above 
the  base  of  the  Barrens. 

The  Lower  Mahoning  sandstone  is  generally  of  a  bluish  gray  color, 
quite  homogeneous,  and  often  an  excelleut  building  stooe.  Though 
occasionally  containing  pebbles,  it  is  much  freer  from  them  than  the 
Upper  Mahoning.  The  thickness  varies  from  30  to  50  feet,  except  in 
the  Kanawha  region,  where  it  splits  up  into  two  or  three  divisions,  and 
is  more  than  100  feet  thick. 

The  shales  which  separate  the  Upper  and  Lower  Mahoning  sand- 
stones are  sometimes  red,  or  variegated,  as  in  the  Sewickley  section 
(34);  and,  occasionally,  as  in  the  vicinity  of  Tnnnelton,  Preston  County, 
West  Virginia,  good  fire  clay  occurs  at  the  horizon  of  the  Mahoning 
limestone. 

Both  members  of  the  Mahoning  sandstone  are  occasionally  oil-pro- 
ducing, but  more  generally  the  upi>er  one,  this  being  the  main  oil  rock 
at  BobtowD,  on  Dunkard  Greek,  Greene  County,  Pennsylvania,  and 
on  Whitely  Creek.  It  is  known  to  the  oil  producers  as  the  ''Duukard 
sand,''  and  it  is  also  oil-bearing  in  the  Macksburg  and  other  regions  of 
Ohio. 

The  shales  which  usually  intervene  between  the  base  of  the  Mahon- 
iDg  sandstone  and  the  Upper  Preeport  coal  often  contain  fossil  Brach- 
iopods  and  Lamellibranchs,  a?  well  as  the  common  coal  measure  plauts. 
They  are  quite  variable  in  thickness,  the  Lower  Mahoniog  sometimes 
cutting  out  the  shales  entirely  and  resting  on  the  Upper  Freeport  coal, 
while  again  the  shales  may  thicken  up  to  50  feet. 
Bull.  65« — 7 
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THB  KANAWHA  BLACK  FLINT. 

In  the  midst  of  the  shales  at  the  base  of  the  Barrens,  and  apparently 
at  the  horizon  which  nsnally  contains  the  marine  fossils,  there  oocaa 
along  the  Great  Kanawha  Biver  a  peculiar  dep  sit,  known  locally  as 
the  ^^  Black  Flint."  It  makes  its  appearance  in  the  section  first  at 
Charleston,  and  occnrs  from  there  southward  along  the  river  until  the 
Barrens  disappear  from  the  summit  of  Gauley  Mountain,  50  miles  dis- 
tant 

The  distribntion  of  the  flint  appears  to  be  confined  to  a  belt  along 
the  river  10  to  12  miles  wide,  since  at  5  to  6  miles  back  on  either  sideii 
generally  disappears  from  the  section,  so  as  to  be  no  longer  recogniza- 
ble. It  is  not  confined  to  the  Kanawha  region  however,  since  the 
deposit  is  visible  near  Clay  Court  House,  on  Elk  Eiver,  and  near  the 
California  House,  on  the  crest  of  the  Burning  Springs  anticlinal,  where 
it  crosses  Hughes  River  at  the  corner  of  Wirt  and  Bitchie  ConntieN 
The  rock  varies  from  5  to  15  feet  in  thickness,  and  is  usually  of  a  dark 
or  bluish  black  color,  though  at  the  California  House  it  is  light  colored 
Being  almost  indestructible  by  atmospheric  agencies,  it  has  played  a 
conspicuous  part  in  shaping  the  topography  in  the  Kanawha  region^ 
since  it  protects  the  underlying  beds  from  erosion.  Through  the  agency 
of  heat  and  cold  it  finally  breaks  down  into  oblong  and  rudely  rectang- 
ular blocks  which  everywhere  line  the  beds  of  streams  and  cover  th« 
surface  below  the  line  of  outcrop.  The  Indians  manufactured  arrow 
heads  and  other  implements  fr^m  this  material,  so  that  pieces  of  it  have 
been  found  as  far  north  as  Pennsylvania.  It  is  evidently  a  marine 
deposit,  since  it  is  distinctly  stratified,  and  specimens  of  Discinaj  ^i- 
riferaj  and  Prodiu)tus  are  common  in  the  less  siliceous  layers.  The  flint 
is  evidently  derived  from  the  skeletons  of  diatoms  and  protozoa,  though 
no  microscopic  examination  has  been  made. 
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THE    LOWER   COAL  MEASURES,  OR  ALLEGHANY    RIVER  SERIES. 
THICKNESS,  OHABAOTBB,  AND  EXTENT. 

Below  the  Barren  Measures  or  Elk  River  series  there  occurs  a  group 
of  rocks  (No.  XIII)  which  always  holds  valuable  coal  beds.  From  the 
fjBUJt  that  they  are  finely  exposed  along  the  Alleghany  River,  they  were 
long  ago  caUed  the  Alleghany  River  series,  and  their  geological  posi- 
tion in  the  general  scale  of  the  Carboniferous  gave  them  the  name 
Lower  Coal  Measures.  The  discovery  in  recent  years  that  the  next 
lower  group  of  beds  (the  Pottsville  Conglomerate)  sometimes  holds 
workable  coal,  has  been  used  as  an  argument  by  some  geologists  for 
breaking  up  the  old  nomenclature  and  rearranging  the  Carboniferous 
into  new  groups,  but  this  nomenclature  is  so  convenient,  and  expresses 
the  natural  divisions  of  the  rocks  so  well,  that  it  would  be  very  unwise 
to  make  any  such  changes  as  have  been  proposed,  since  it  would  be  of 
no  particular  service  and  would  only  bring  confusion  to  the  minds  of 
many  people  interested  in  Carboniferous  geology  who  are  now  thor- 
oughly conversant  with  the  old  and  tried  nomenclature  of  Pennsylvania 
and  Virginia.  Hence,  while  for  strictly  scientific  purposes  it  may  be 
well  to  group  the  Carboniferous  rocks  on  a  wider  basis  as  proposed  in 
a  former  part  of  this  report,  yet  for  every  day  field  work  in  practical 
geology,  the  old  nomenclature  can  not  be  improved  upon. 

The  Lower  Coal  Measures,  as  now  limited,  begin  at  the  top  with  the 
widely  distributed  and  valuable  Upper  Freeport  coal  bed  (a  horizon 
which  is  easily  recognized  anywhere  by  the  field  geologist)  and  extend 
down  through  several  beds  of  shale,  limestone,  coal,  and  sandstone  till 
a  horizon  is  reached  where  a  marked  change  in  lithology  takes  place, 
the  sandrocks  becoming  harder,  more  massive,  and  often  pebbly,  accom- 
panied with  a  corresponding  change  in  the  character  of  the  imbedded 
fossils. 

The  thickness  of  this  series  varies  greatly  in  different  portions  of  the 
field,  being  not  far  from  300  feet  in  western  Pennsylvania,  and  seldom 
less  than  250  feet  anywhere  in  that  State,  except  in  the  Broad  Top 
field.  But  westward  through  Ohio  the  thickness  of  these  measures 
declines  until  around  the  northwestern  border  of  the  field  it  is  less  than 
200  feet.  Southward  from  this  regfon  of  Ohio,  whore  the  Lower  Coal 
Measures  are  thinnest,  they  thicken  up  rapidly  until  on  the  Great  Ka- 
nawha River  the  series  is  1,000  feet  thick,  and  the  same  on  the  Guyan- 
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dotte  and  Tug  Rivers.  Jost  where  this  great  thickening  up  begins  in 
going  soath westward  from  the  Pennsylvania  line  is  not  exactly  known, 
bnt  there  are  good  reasons  for  believing  that  much  the  greater  portioo 
of  it  takes  place  beyond  the  Little  Kanawha  River. 

The  topography  made  by  these  rocks  is  generally  very  mach  the 
same,  except  where  the  thickness  is  very  great.  It  is  nearly  every  whero 
cbaracterizf'd  by  a  hilly  country,  terraced  with  a  series  of  paralld 
benches  which,  as  Lesley  long  ago  showed,  mark  the  outcrops  of  the 
several  coal  beds,  since  the  soft  rocka  osnally  found  with  every  coal 
are  more  rapidly  eroded  than  the  harder  ones  above  or  below.  These 
coal  benches  are  not  confined  to  the  topography  of  the  Lower  Coal 
Measures,  since  they  are  due  to  a  general  law  of  erosion,  bnt  are  only 
more  conspicuous  in  this  series  because  the  coal  beds  are  more  numer- 
ous and  closer  together. 

Through  Pennsylvania,  Ohio,  and  the  northern  half  of  West  Vir- 
ginia, with  few  exceptions,  the  hill  slopes  of  these  measures,  while  ott^i 
rather  steep,  are  not  too  rugged  for  good  arable  and  grazing  lands,  and 
the  soils  are  usually  rich ;  but  in  the  southwestern  part  of  West  Vir- 
ginia, where  these  rocks  have  increased  in  thickness  so  largely,  we  find 
a  network  of  narrow  ridges,  generally  capped  with  the  Mahoning  sand- 
stone, from  which  the  surface  falls  away  at  an  angle  of  25^  to  40^  to 
the  beds  of  the  streams,  l^OOO  or  more  feet  below,  thus  practically  con- 
fining the  arable  land  to  the  narrow  valleys,  which  are  frequently 
trenched  into  the  top  members  of  the  nex£  underlying  or  PottsviUe 
series  of  rocks. 

It  was  formerly,  supposed  that  this  series  held  valuable  coal  only  in 
a  broad  belt  around  the  margins  of  the  coal  field,  and  that  in  the  cen- 
ter of  the  Appalachian  basin,  where  these  beds  are  buried  under  1,500 
to  2,000  feet  of  superincumbent  strata,  they  contained  no  coals  thick 
enough  to  mine;  but  the  recent  drillingof  many  oil  and  gas  wells  over 
the  central  portion  of  the  field  has  proved  the  supposition  to  be  un- 
founded, for  the  drill  has  many  times  penetrated  thick  beds  of  coal  in 
this  series  at  localities  where  they  underlie  the  surface  by  an  interval 
of  more  than  1,500  feet.  Hence,  aside  from  local  irregularities  always 
to  be  found  in  any  coal  field,  there  is  no  reason  for  believing  that  the 
Lower  Coal  Measures  do  not  contain  one  or  more  good  coal  beds  under 
nearly  every  portion  of  the  Appalachian  field,  and  where  it  would  seem 
to  be  otherwise  the  inference  has  been  founded  largely  on  defective 
records  of  borings,  in  which  no  attention  was  given  to  the  character  of 
the  beds  encountered  unless  they  proved  to  be  "  sands.''  But  while  it 
is  true  that  recent  drilling  has  shown  valuable  coal  in  this  series  along 
the  central  portion  of  the  trough  where  it  was  formerly  supposed  to  be 
absent,  yet  it  is  true  as  a  general  law  that  the  coal  beds  of  this  series 
are  thicker  and  better  iiiul  more  numerous  around  the  margins  of  the 
Appalachian  field  than  toward  the  center.    This  is  illustrated  by  the 
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distribation  of  the  Clarion  and  BrookvlUe  beds,  which  are  valuable 
only  aroond  the  margin  of  the  coal  area. 

Owing  to  the  geological  position  of  the  Lower  Coal  Measures,  their 
beds  have  a  much  wider  spread  and  are  accessible  over  a  larger  area 
than  those  in  the  Upper  Coal  Measures,  so  that  when  in  the  distant 
future  the  upper  coals  and  the  easily  accessible  areas  of  the  lower  ones 
shall  have  been  exhausted,  there  will  still  remain  far  down  in  the 
trough  of  the  Appalachian  field  a  great  wealth  of  fuel  which  can  be 
obtained  by  deep  shafting.  It  is  true  that  at  many  localities  disclosed 
by  the  drill  only  one  good  bed  of  coal  ba^  been  found  in  this  series 
where  it  lies  so  deep  beneath  the  surface,  bat  that  is  also  true  of  the 
surface  outcrops,  and  many  places  can  be  foand  where  not  even  one 
good  coal  bed  occurs  in  the  surface  section,  and  many  others  where 
two  are  the  exception. 

The  main  strata  of  this  series,  which  have  been  recognized  and  traced 
over  a  wide  area  in  the  three  States  with  which  this  report  deals,  have 
received  the  following  names  in  descending  order : 


Upper  Freeport  ooal. 
'Upper  Freeport  limestone. 
Upper  Freeport  sandstone. 
Lower  Freeport  coal. 
Lower  Freeport;  limestone. 
Lower  Freeport  sandstone. 
Upper  Kittanning  coal. 
Johnstown  (Cement)  limestone. 
Middle  Kittanning  coaL 


Lower  Kittanning  coal. 
Lower  Kittanning  fire  clay. 
Lower  Kittanning  sandstone. 
Bnhrstone  iron  ore. 
Ferriferoas  limestone. 
Patnam  Hill  limestone. 
Clarion  coal. 
Brookville  coal. 


Other  beds  have  been  napied  in  this  series  which  have  a  local  dis- 
tribution, but  those  given  above  are  the  main  ones  which  can  be  traced 
and  identified  over  wide  areas. 

Prof.  Orton,  director  of  the  Ohio  Geological  Survey,  has  shown  that 
all  of  the  main  beds  of  the  Pennsylvania  Lower  Goal  Measures  can  be 
followed  and  identified  entirely  across  the  Ohio  coal  field  to  where  they 
enter  Kentucky ;  and  the  writer  has  recently  shown  (The  Virgiuias, 
1885)  that  they  also  stretch  unbroken  around  the  southeastern  margin 
of  the  Appalachian  field,  from  the  Pennsylvania  line  down  through 
West  Virginia  to  the  Great  Kanawha,  and  on  across  the  Guyandotte 
to  the  Big  Sandy,  so  that  the  identifications  of  the  main  beds  of  coal, 
limestone,  and  sandstone  of  the  Lower  Goal  Measures  have  now  been 
carried  from  Pennsylvania  to  the  Kentucky  line,  on  both  sides  of  the 
Appalachian  field. 

As  illustrations  of  these  measures,  in  most  of  the  important  coal  re- 
gions of  the  area  in  question,  we  shall  now  present  a  number  of  vertical 
sections.  The  identifications  of  the  several  beds  in  these  sections  have 
been  made  with  all  the  care  and  light  at  present  attainable,  and  while 
it  is  not  claimed  that  they  are  final  in  all  cases  and  flfee  from  error,  yet 
they  express  the  best  efforts  of  the  writer,  and  it  is  confidently  believed 
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that  their  publication  will  serve  to  stimalate  a  more  careful  study  of 
the  general  stratigraphy  by  field  geologists  and  those  interested  in 
mining  enterprises,  so  that  finally  whatever  of  error  may  be  embodied 
in  these  identifications  will  be  discovered  and  eliminated*  It  is  certain 
that  the  first  effort  to  harmonize  the  stratigraphy  over  such  a  large 
area  will  be  somewhat  provisional,  and  hence  the  writer  not  only  ex- 
pects, but  welcomes,  the  kindly  criticism  of  his  brother  geologists, 
knowing  that  all  will  be  pleased  when  the  true  order  and  succession  of 
these  beds  are  definitely  determined  in  the  several  important  regions 
of  the  Appalachian  field. 

In  some  cases,  like  that  at  Blossburg,  where  it  has  been  impossible 
to  identify  the  main  coal  beds  with  any  degree  of  certainty,  the  writer 
has  given  only  the  local  names  for  the  beds,  leaving  the  reader  to  draw 
his  own  conclusions  from  the  general  structure  of  the  section ;  but 
there  are  very  few  cases  where  some  one  of  the  seams  in  a  given  section 
can  not  be  reasonably  determined. 

We  shall  begin  these  illustrations  of  the  Lower  Coal  Measures  at  the 
most  northern  point  of  the  Appalachian  Basin,  and  proceed  south- 
westward  through  the  field. 

Section  at  Blmshurgy  Pennsylvania. — ^The  structure  of  the  LoVer  Goal 

Measures  at  the  northern  end  of  the  Appalachian  basin  is  given  as 

follows  (Fig.  60)  for  the  Blossburg  region,  Tioga  County,  Pennsylvania, 

by  the  First  Geological  Survey  of  Pennsylvania,  Final  Eeport,  VoL  II, 

page  520: 

BUmburg,  Tioga  Conntg^  PemmtigVoamim, 


[See  m*p,  B  w.J 


FLU. 


4?i<r 


Fio. 


BloMbarg,  Pa. 


L  Gold,  "Rook  vein- 

8.  CoBoeeled 

8.  Coal,  "Seymour" 

4.  Slate  and  eandstone 

5.  Concealed 

0.  Sandstone,  pebbly,  with  thin  ooal  near  top  . 

7.  Coal,  ''Dirty  vein" 

&  Slate  and  sandstone 

9.  Oosl 

10.  Fireclay 

11.  Slate 

(Coal 8'    •" 

12.  Coal,  "Bloes  vein".  {  Fire  day.fi'    0" 

tCoal 7f    0") 

18.  Arglllaoeons  sandstone,  with  two  thin  eoals  . 

14.  Coal,  "BearCreek" 

lA.  Sandstone. 


!•         \ 

27    10  > 


FU  im. 
%    c 

88 
5 

47    IB 

3      6 
30 

1      € 

3 
28 


10 


13 

8 


Total.. 


ll 


The  ^'Bloss  vein"  seems  to  be  identical  with  the  Lower  Kittanning 
bed  of  the  Alleghany  River,  while  the  "Eock  vein"  and  ''Seymaar'* 
are  possibly  identical  with  the  Upper  and  Lower  Freeport  beds,  respect- 
ively.    This  would  make  Nos.  7  and  9  the  Upper  and  Middle  Eattan 
ning. 
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Section  at  Fall  Brooke  Pennsylvania.-^At  Fall  Brook,  8  miles  north- 
east from  Blossbarg,  and  the  most  northern  development  in  the  Appala- 
chian coal  field,  the  Rtructnre  of  the  Lower  Goal  Measures  is  ^ven  as 
follows  (Fig.  51)  by  Mr.  Franklin  Piatt,  in  Eeport  G,  pages  166, 169, 
Second  Geological  Survey  of  Pennsylvania : 

Fall  Brook,  Tioga  County,  Pennsylvania. 


C  7"  ) 


C  [See  map,  B  x.] 

FL  in, 

L  CoiO," Seymour" 2   6 

2.  Rou|i;b,  sandy  fire  ^Uy 2 

8.  SaDdatone,  maMive.  pebbly 50 

(Coal 1'  8"! 

4.  Coal {  Saodatone,  thin  bodded. 

(Coal 

5.  Fireclay 

6.  SandBtone 

7.  Slate 

I  Coal..  1'  8" 
Slate.  4'  0" 
Coal.,  r  2'- 
Slate .  (H  3"  I 
Coal..  C  10'  ) 
9.  Rovgb,  hard  fire  olay 2 

10.  Gray  shaly  rock    20 

11.  Fire  clay,  with  kidney  ore  at  bottom * 2 

12.  SandBtone,  light  irray 9 

18.  Clay  slate 6 

14.  Coal,  •'Bless  vein" 4 

16.  Fire  clav.  pure ^ 8 

10.  Sandy  slate,  some  sand  V  layers 10 

17.  Coal  and  slate,**  Bear  Creek" 1 

18.  Sandy  clay 4 

10.  Sandstone. 


5    3 


1 
10 


7    0 


Flo.  61. — Section 
at  Fall  Brook, 
Pa. 


Total 140 


Section  near  Karthaus^  Pennsylvania. — About  65  miles  southwest  of 
Blossburg,  in  the  northeastern  comer  of  Clearfield  Gounty,  Penn- 
sylvania, the  following  section  (Fig.  52)  of  the  Lower  Coal  Measures 
is  reported  from  the  vicinity  of  Karthaus,  by  H.  D.  Bogers,  in  the  First 
Geological  Survey  of  Pennsylvania : 

Karthaus,  Clearfield  County,  Pennsylvania* 

[Seemap,£t.l  FL  in. 

L  Coal,  Upper  Freeport 0 

2.  Fireclay 2      0 

8.  Sandstone,  brown 46 

4.  Coal 0 

6.  Fire  clay 2 

0.  Limestone,  silioeons 8 

7.  Shale 1 

8.  Sandstone,  brown 20 

9.  Coal,Lower  FreepoH 8 

10.  Slate  1 


19 


Fio.  8S.— Section 
par  Karthans, 
Pft. 


11.  Sandstone,  gray,  Freeport 37 

12.  Coal,  Upper  KitUnning 8 

18.  Shale,  containing  iron  ore 11 

14.  Coalkiddle  Kittannlng 1 

16.  Sandstone  and  alate 21 

CCoal 1'  0") 

10.  Coal,  Lower  Kittannlng <  Slate 0' 3">  8 

(Coal 2*  0") 

17.  Fireclay 2 

la  SandBtone,  brown 36 

19.  Coal,  Clarion I 

20.  Fire  clay,  fermglnoQS 3 

2L  Shales,  containing  lion  ore  band 11 

22.  Shales  and  slates 28 

28.  Coal,  Brookville 1 

24.  No.  Xll  Conglomerate. 


Total. 


.846 
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Section  in  EorUm  Tatvnship^  tSlk  County^  PemwylfwiiiML— Horton  Town- 
ship,  Elk  County,  Pennsylvania,  lies  on  the  borders  of  Clearfield  and 
Jefferson  Counties,  30  miles  west  from  Karthaas  and 
r  about  80  miles  distant  west-southwest  from  the  Bloss- 
burg  region.  In  this  township  Mr.  C.  A.  Ashbomer 
finds  the  following  section  (Fig.  53)  for  the  Lower  Coal 
Measures,  Report  BB,  page  227 : 


Fio.  S3.— Section  in 
Elk  County,  Pa. 


HcfrUm  TdnmtMjp,  Elk  County^  Pennsylvania, 
[Seem»p,  Dq.) 

(CoiJ 3' 

1.  Goal.  Upper  Freeport . . . .  <  Fiie  olay  and  shAlo . . .  lO* 

^  iCoiU 3' 

2.  Fire  oUy  and  Mndstone 

8.  Liinestone,  Upper  Freeport 

4.  SUty  uuidHtone 

6.  Coal.  Middle  Freeport 

«.  Soft  gray  alatee 

cCannel 2' 

7.  Coal,  Lower  Freeport....  <  Slate 16' 

^  (Coal 8' 

&  Sandstone 

9.  Limestone.  Lower  Freeport 

10.  Flaunr  sandstone  and  uatea 

11.  Coairupp«-r  Kittanning 

12.  Fireclay  and  slate 

18.  Limestone,  Johnstown  Cement 

14.  Concealed 

16.  Coal,  Middle  Kittanning 

la.  Black  slate 

17.  Coal,  Lower  Kittanning 

18.  Shale  and  sandstone,  occasional  coal  streak 

19.  Limestone.  Ferriferous 

20.  Shale  and  slate 

2L  Coal,  Clarion 

22.  Massive  sandstone,  top  of  Xn. 


Fui 


5 
20 


Total. 


4M?.j.^jajA;v^ 


Section  near  BrockwayviUey  Pennsylvania.^-^njdeT  Township,  Jefier- 
son  County,  adjoins  Horton,  and  there,  near  Brockway ville,  Mr.  Wui. 
G.  Piatt  reports  the  following  structure  (Fig.  54)  for  the 
Lower  Goal  Measures,  Report  H^,  pages  186, 187: 


BrockwayvilUf  Jeffenon  dninty,  Pennsylvania, 
[See  map,  D  q.] 

1.  Coal,  Upper  Freeport * 3 

2.  Clay,  impure 3 

8.  Limestone,  Upper  Freeport .>« 

4.  Concealed 24 

6.  Sandstone,  thin-bedded 5 

e.  Shales  and  slates 6 

7.  Coal,  Lower  Freeport 3 

8.  Clay,  impure 6 

9.  Limestone,  Lower  Freeport 3 

10.  Concealed 18 

12.  Sandstone 15 

18.  Slates 5 

14.  Coal,  Upper  Kittanning 3 

16.  Clay  shales 12 

16.  Limestone,  Johnstown  Cement 2 

17.  Concealed,  shales  (t) 4t 

18.  Coal,  Middle  Kittanning 2 

19.  Concealed,  saudetone  at  base 4i 

20.  Coal,  Lower  Kittanning 2 

21.  Shales 8S 

22.  Iron  ore,  Bnhrstone 

28.  Lisjestone^  Ferriferous S 

24.  Sandstone  and  shales 39 

25.  Concealed 15 

26.  Coal,  Clarion 3 

27.  Shales 10 

28.  Sandstone,  maasive,  top  of  XIL 


FIG.  54.— Section 
near  Brockway- 
Tille,Pa. 


Total. 
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Section  in  Clo/rion  County^  Pennsylvania. — Clarion  tJonnty  lies  next 
west  from  Jefferson,  and  Mr,  H.  Martyn  Gbance  gives  in  Keport  W, 
page  32,  Second  Geological  Survey  of  Pennsylvauia,  the 
ibllowing  as  the  general  structure  of  the  Lower  Coal 
Measures  in  that  county  (Fig.  65) : 


Clarion  County,  Pennsylvania, 


M'* 


Fig.     56.— Section 
in    Clarion    Co., 


[See  map,  £  o.] 

1.  Coal,  Upper  Freeport 

2.  Pirwday 

3.  Limestone,  Upper  Freeporfc 

4.  Shale,  with  ore 

5.  Sandstone 

6.  Shale 

7.  Goal,  Lower  Freeport 

&  Fireclay 

9,  Limestone,  Lower  Freeport 

10.  Sandstone  and  shales 

n.  Shale 

12.  Coal,  Upper  Kittannin^ 

18.  Fireclay  or  shale 

14.  Limestone,  Johnstown  Cement  bed 

15.  Shaly  meanures 

15.  Coal,  Kiddie  Kittanning 

17.  Fireclay 

18.  Shale  and  sandstone 

19.  Coal,  Lower  Kit!  anning 

20.  Sandstone  and  shale,  with  ore 

2L  Ore,  Buhrstone 

22.  Limestone,  Ferriferous 

28.  Shale 

CCoal 2' 

24.  Clarion  coal <  Slaty  shale 

<Coai 

25.  Fireclay 

26.  Shale  and  sandstone ^ 

27.  Coal,  Brookville 

28.  Fireclay 

29.  Massive  sandstone,  XIL 


id 

8' J 


Total. 


Ft. 
4 
5 
3 
8 

25 
4 
6 
2 
3 

75 

10 
2 
3 
2 

40 
2 
2 

30 
4 

25 
1 
8 
7 


335 


Section  at  Milter's  Eddy  ^  Clarion  County^  Pennsylvania. — 
■«^*' The  following  section  (Fig.  56),  made  by  Mr.  John  Hag- 
gerty,  M.  E.,  of  Brady's  Bend,  Pennsylvania,  represents 
the  Lower  Coal  Measure  structure  at  Miller's  Eddy,  near 
the  mouth  of  the  Clarion  Kiver  ( VV^,  p.  123) : 

Miller's  Eddy,  Clarion  County,  Pennsylvania, 

[See  map,  £n.] 

Ft  in. 

1.  Coal.  Upper  Freepovt 3 

2.  Interval 28     3 

3.  Iron  ore 2 

4.  Concealed  and  slate 103 

5.  Coal,  Upper  Kit  tanning 1     G 

6.  Interval 20 

7.  Sandstone 30 

8.  Interval 16     6 

0.  Coal,  Lower  Eittanning 3     6 

10.  Interval 10 

Is'      11.  Sandstone 19 

12.  Limestone,  Ferriferous 9 

18.  Shales 6 


10 


Fig.  56.— Section 
atMiUer'sBddy, 


14.  Sandstone 28 

15.  Coal,  Clarion 2 

16.  Blueshales 29 

17.  Sandstone,  massive. 


Total 812     5 


Digitized  by  CjOOQ  l€ 


106 


THE   NORTHERN  BITniONOnS  COAL  FIELD. 


[wauLm, 


fv^^^/ 


Section  at  East  Brady ^  Clarion  County^  Pennsylvanic^ — ^Mr.  Haggerty 
also  leveled  another  section  of  these  measnres  at  East  Brady,  in  the 
southwestern  comer  of  Glarion  Oonnty,  which  is  £:iveD  as 
follows  (Fig.  57)  in  Beport  W,  p.  77: 


Eaai  Brady ^  Clarion  Caumtjf,  PmmyloankL 

(Smbuv^Fii.] 

JR.  in. 

1.  Goal  Upper  Freepoit 2 

2.  Concealed  and  sandstone 106 

8.  Coal,  Upper  Kittanning — 1     5 

4.  Sandstone 9 

&.  Interral 57     I 

6.  Coal,  Lower  Kittanning 8     t 

7.  Shale,  with  sandstone 40    ( 

8.  Limestone,  Ferriferooa ^ 10 

0.  Interral , .'. 22     S 

10.  Coal,Clarion 2     ! 

IL  Sandstone 21 

12.  Coal,  thin,  Brookyille. 
la.  Sandstone,  No.  XIL 


vrtr 


Pio.  57.— Section 
at  Bast  Brad  J, 
Pa. 


Total ^...  219    J 


Section  near  N'ew  Bethlehem^  Pennsylvania. — Mr.  Chance  gives  the 
following  (Fig.  68)  as  the  stroctare  of  the  Lower  Coal  Measures  in  the 
vicinity  of  New  Bethlehem,  on  the  Bed  Bank  Biver,  in 
southeastern  Clarion  County,  VV,  p.  88: 

Near  New  Belhlehemy  Clarion  County,  Pennsylvania, 

(See  map,  F  o.] 

It 

L  Coal,  Upper  Freepoit i 

2.  Fireclay 3 

8.  Sandy  shale  and  sandstone 4S 


FlO.  58.— Section 
near  New  Beth* 
lehem«Pa. 


4.  Coal,  Lower  Freeport 

5.  Fireclay , 

6.  Concealed,  sandstone,  and  shale. 

7.  Cold,  Upper  SLittanning 

8.  Fireclay 

9.  Shale 

10.  Coal,  Middle  Kittanning  (t) 

11.  Fireclay , 

12.  Concealed ^ 

13.  Ore,  Bnhrstone ■ 

14.  Limestone,  Ferriferons 

15.  Concealed 

16.  Sandstone,  topofxn. 


7 
3 

65 
S 
4 

43 
2 
S 

60 
1 
4 

5S 


Totil.. 
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Section  in  Brady  Township^  Butler  County^  Pennsylvania,— In  the 

northwestern  portion  of  Butler  County  (Brady  Township),  Mr.  Chance 

^^gmg—mA'         gives,  in  Report  V,  the  following  section  (Fig.  59)  for 

j^^^  ^  the  Lower  Coal  Measures  down  to  and  including  thp 

Ferriferous  limestone,  and  the  portion  below  that  is 

added  from  an  exposure  in  an  adjoining  township: 


Brady  Township,  BulUr  County, 
[See  map,  F 1.] 


FL 


L  CobI,  Upper  Freeport , 

2.  Fireclay 

8.  Shale  and  sandntono ^. 

4.  Coal,  Lower  Freeport 

6.  Concealed,  and  maaaive  aandstone 

6.  Masaive  aandatone 

7.  Coal,  Upper  Kit  tanning 

8.  Concealed,  and  sbale 

9.  Coal,  Middle  Kittanuiuj;  (?) 

10.  Concealed 

11.  Tronore thin 

12.  Concealed 

18.  Limestone,  Forriferona 

14.  Coal,  Scrnbgrass 

15.  Shales 

16.  Coal,  Brookville 


"I 

55j 


Ft.' 
2 


60 

3 
55 


05 

15 
1 

60 
2 


Total . 


Section  near  Ore  Hill  Furnace^  Armstrong  County^ 
Pio.so.-sectioninBnt-  Pennsylvania, — In  the  vicinity  of  Ore  Hill  Furnace, 
ler  County.  Pa.       Armstrong  County,  Pennsylvania,  3  miles  below  the 
^^     mouth  of  the  Mahoning  Eiver,  the  writer  found  the  fol- 
lowing succession  (Fig.  60) : 


Ore  Hill  Furnace,  Armeirang  County,  Pennsylvania, 


[See  map,  G  o.] 

L  Coal,  Upper  Freeport 

2.  Fire  day  vith  iroD  ore 

3.  Flaggy  sandstone  and  ahalee 

4.  Bitnminons  shales 

5.  Coal,  blossom.  Lower  Freeport 

Fire  clay  and  limestones.  Lower  Freeport 

Flaggy  sandstone  and  dark  shales 30 

Limestone,  gray,  Johnstown  Cement 

Concealed  and  sandstone 

Coal,  Middle  Klttanning 


Fireclay  .... 
12.  Sandy  shale . 


r  0") 

4'    0"  >  , 
0'    6"> 


(Coal r 

13.  Coal,  Lower  Kittonning  <  Sbale. 
(C'jal... 

14.  Fireclay 

16.  Shales,  brown,  sandy 

16.  Iron  ore,  Buhrstone 

17.  Limestone,  Ferriferoos 

FlO.60.— Section  nea^  18.  Concealed   and   shales  to  top  of  ISo,  Xll  sandstuue  in  Al- 

Ore   Hill  Fomace*  leghany  River 


Armstrong  County* 
Pa. 


FY. 

Ft.  in, 
2     6 

i! 

33 

^1 

35 

1 

60 

2      6 
6 
2 

6      6 

■fS 

26 

i  J 

10 

75 

Total. 


247     6 


This  section  exhibits  a  rapid  thinning  away  of  the  whole  column, 
bat  principally  in  that  part  of  it  between  the  Upper  Freeport  and  the 
Upper  Kittanning  coals. 
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Section  near  Centerville^  Pennsylvania. — Five  miles  northeast  from  Ore 
Hill  Farnace,  the  following  saccession  (Fig.  61)  is  reported  from  the 
vicinity  of  Centerville  by  Mr.  Wm.  G.  Piatt,  in  Beport 
H*,  Second  Geological  Survey  of  Pennsylvania,  pages 
163, 164. 


"0 

1^ 


Centerville,  Armairon^  County,  Pennsylvania, 
[See  map,  G  o.J 


6* 


1.  Coal,  Upper  Fre^port 

2.  CUy  shulcn.  with  iron  ore 

3.  Liaierttonc,  Fi-ec port 

4.  Concealed    

5.  <;oal.  Lower  Freeport 

0.  CoDCcaltHi      

7.  Irou  ore,  siliceoiu 

8.  Saudttono 

9.  Coal,  bloBsom 

10.  Concealed    

11.  Coal  Upper  Kittanning 

12.  Concealed 1 , 

13.  Coal.  If iddle  KiltanuioK 

14.  Concealed , 

1ft.  Iron  ore,  Buhmtone , 

Ifl.  Limestone,  Ferriferous 

17.  Concealed 

18.  Caniielalate  (Clarion  coal) 

19.  Conceal»Ml 

90.  Black  nlate  (Brookrille  coal). 
21.  Top  of  No.  XII  oonglomciuto. 


FL 


Ft 

3 


1 
27 

1      C 
65 

0      4 

8 
30 


40- 


Total. 


Fio.  61.— Section 
near  Centerville, 
Pa. 


Section  at  Putneyville^  Pennsylvania. — Five  miles  east 
of  Centerville  is  the  village  of  Putneyville,  and  from 
this  vicinity  Mr,  Wm.  G.  Piatt  reports  the  following 
section  (Fig.  62)  of  the  series  H*,  p.  150: 


Putneyvillef  Armstrong  County,  Pennsylvania, 

[See  map,  G  o.] 

FL  in. 

1.  Coal,  Upper  Freeport 

2.  Fire  clay  and  clay  shales  12 

8.  Limestone,  Upper  Freeport 5 

4.  Concealed 10 

6.  Clay  slates 15 

6.  Coal,  Lower  Freeport 

7.  Slate 1      6 

8.  Iron  ore 0      3 

0.  Limcst  ne.  Lower  Freeport 2 

10.  Concealed 30 

11.  Sandstone 20 

12.  Coal,  blossom,  Upper  Kittannini; 

18.  Limestone,  Johnstown  Cement  bed 

14.  CUy 8 

16.  Srtnd stone,  friable 15          ' 

16.  Concealed 40          " 

17.  Coal,  Middle  KIttanning 

la  Concealed 80 

19.  Slates,  with  saudstone  layers 20 

20.  Coal,  I^wer  Ktttanning 

21.  Fire  clay,  impure 6  , 

22.  Shales 20         * 

23.  Iron  ore,  Buhrstone 0     4' 

24.  Limestone, Ferriferous 

25.  Sandstone,  fluKjiy 

26.  Black  slates 

27.  Cannel  slate  (Clarion  coal) 

28.  Concealed  

29.  Brook ville  onal. 

30.  TopofNa  XII,  conglomerate. 

Total 


FL 

4 

42 

3 

58 

4 
58 

50 

2 


5 
15 

1 
40 


Fio.  62.— Section  at 
Ptttney  ville,  Pa. 


814      3 
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Section  near  Kittanning^  Pennsyltfania. — In  the  vicinity  of  Kittan- 
ning,  Pennsylvania,  the  saccession  of  the  Lower  C)oal  Measures  is  as 
follows  (Fig.  63) : 

VMnitjf  of  Kittanningt  Pennsylvania, 


^ 


|§^5^3- 


,  [See  map,  G  n.] 

FLin, 

L  Cowlt  Upper  Freeport 

2.  Shales,  *nd  concealed 

8.  Coal,  Lover  Freeport 

4.  Concealed,  and  maeaive  eandetone C5 

5.  Shales  and  sandstone .' .' 40 

6.  Coal,  slate  in  center,  Middle  EittanniDg 

7.  Fireclay 4 

8.  Saudyshales 8 

9.  Fireclay 3 

10.  Flaggy  sandstone 17 

11.  Sbolos,  dark,  sandy,  with  iron  ore 40 

fCoal. 
Slate 


.1'  10") 

.O'  2" 

.C  8"S. 

-O'  I'M 


ijf 


12.  Coal,  Lower  Kittanning . .  ^  Conl . 

t  BODC., 

ICoal C     6"j 

13.  Fireclay 5 

14.  Sandstone  and 'snndy  shales 40 

15.  Shales,  with  iron  ore 5 

16.  Iron  ore,  Bnhrstone 0 

17.  Liineetone.  Ferriferous 11 

18.  Sandy  shales 15 

1».  Coal 

20.  Sandy  shales  and  sandstone 

21.  Coal,  Clarion 

22.  Concealed,  to  top  of  No.  XII  8aD«lhtone , 


Ft  in, 

4 
85 
2 

I  - 

1      6 
1 

I      70 


3      3 


Total. 


50 


27 

0 
21 

1 
25 

315 


Fio.  03.— Section  near 
Kittanning,  Pa. 

Section  5  miles  south  of  Kittanning^  Pennsylvania. — Abont  6  miles 
south  of  Kittanning  and  1  mile  below  the  mouth  of  Crooked  Creek  a 
very  important  exposure  may  be  seen  on  the  left  bluff  of  the  Allegheny 
Kiver,  since  it  gives  in  a  clear  manner  the  relations  of  the  upper  mem- 
bers of  the  Lower  Coal  Measures.  The  section  there  (Fig.  64)  was 
carefully  leveled  by  the  writer,  and  reads  as  follows : 


Fire  miles  heloto  Kittanning, 

{See  map.  G  n.  | 
1.  Coal,  Upper  Freeport,  hlossora . 


Ft.  in.      Ft.  in. 


Fio.  M.  —  Section 
aooth  of  Kittan- 
ning, Pa. 


Fireclrty 2 

8.  Sandatouo 2 

4.  Fire  clay  and  shales 5 

5.  Conoeflled 6 

0.  Limest'iM!,  Upper  Freeport 10 

7.  Conceflled 35 

8.  Shales,  bluish 20 

M'onl  ....  0'    2"! 

•.  Coal,  Lower  Freeport...  *v  S!au> 1'    h"  J.  

(Coal 1'    8"> 

10.  Fire  clay  and  shales 10 

11.  Sandstone,  manftive,  pebbly.  Frocpoit 45 

12.  Coal.  Upper  Kittamiin;: 

13.  Shaltw,  daik 

14.  Cual,  slate  in  center,  Middle  Kittunuin;; 

15.  Limestone,  sandy 

1«.  Fireclay 

17.  Sandstone,  flaggy 

18.  Fireclay 

19.  Sandstone,  flagjO' 

20.  Shales,  dark 


C) 


3      6 


55 

0 
20 
1 
1 
3 
3 
5 
8 
10 


Total. 


191 
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Section  at  Logansport,  Pennsylvania. — The  last  section  gets  its  special 
significance  when  compared  with  another  one,  obtained  2  miles  below, 
on  the  right  bank  of  the  Alleghany  River,  and  opposite  the  town  of 
Logansport.    The  section  there  (Fig.  65)  gives  the  following  stractore: 

Logansportf  ArrMtrong  County,  PenmylvMnia, 


[See  map,  Qn.] 


L  Coal,  Upper  Frecport. 
2.  Fireclay 


3.  Limestone,  Upper  Froeport . 


Impure  limeatone y 

Limy  ah&lea 4' 

Limestone,  good 1' 

<Shftles 1'  ^ 

I  Liraehtcine,  "  j^lassy  layer" 2^ 

.  Limy  .shales 2* 

(,  Limestone,  good 2f , 


Ft      FLi 

4l 


U  -    28 


4.  Shales  and  fire  clay 

fCoal 

5.  Coal,  Lower  Freeport <  Fire  clay,  Impare. 


lOJ 


2'    A"[.. 

A>    8"> 


6.  Concealed 

7.  Verymassive,  grayish  white,  pebbly  sandstone,  Freeport 

8.  Coal,  Upper  Kittanning 

9.  Dark  gray  shales 

CCoal V    8" 

10.  Coal,  Middle  Kittanning.  \  Slate 

^Coal 


\  « 


C    8") 
C    2">.. 
0'    6") 


0  % 

20 

1  4 


11.  Fireclay 

12.  Limestone 

13.  Fire  clay,  with  limestone  nodules  in  top. 

14.  Sandstone,  bhaly 

15.  Concealed  (shales) 

16.  Blue  shales 


15 
20j 


>     52 


17.  Coal,  Lower  Kittanning . 


rCoal 1'  I'M 

Slat« 0*  I'M 

.^Coal 1'  I") 

I  Slate 0'  1" 

(Goal V  2" J 


18.  Concealed  to  river  level 

19.  To  base  of  Lower  Coal  Mea.«.nres,  al>oat 


Fio.  65.— Section  at  Lo- 
gansport, Pa. 


Total. 


8     6 

20 
80 

288     I 


Here  we  find  a  ferruginous  limestone  making  its  appearance  under 
what  the  section  shows  to  be  the  Middle  Kittanning  coal,  and  it  is  pos- 
sible that  this  same  bed  may  have  occasionally  been  identified  with 
the  Johnstown  Cement  limestone  in  this  portion  of  Pennsylvania, 
which  would  be  erroneous,  since  that  bed  belongs  under  the  little  coal, 
No.  8  of  the  section,  while  the  Johnstown  Cement  bed,  as  correlated  by 
Messrs.  Piatt  and  others,  comes  just  under  the  Upper  Kittanning  coaL 

The  section  also  exhibits  the  great  variations  that  may  take  place 
in  the  thickness  of  the  intervals  between  important  coal  beds,  that 
between  the  two  Freeports  being  here  reduced  to  only  28  feet. 
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Section  at  Freeport^  Pennsylvania. — Freeport,  on  the  Alleghany  River, 
at  the  soathem  point  of  Armstrong  Ooanty  and  7  miles  soathwest  of 
Logansport,  is  a  classic  locality  for  the  upper  portion  of  the  Lower  Coal 
Measares^  and  the  following  section  (Pig.  66),  taken  there,  is  given 
for  the  purpose  of  illustrating  the  relations  of  the  Upper  and  Lower 
Freeport  coais  at  this  typical  locality : 


Freeport,  PennByhania, 
[Seo  map,  G  n.] 


rCoal. 


...  2f  8  "] 
...  0'  li"l 
...  (H  fi4"> 


FL  in. 


I  Slato,  pray.. 

1.  CoiU,  Upper  Freeport  \  Ooal 

I  Slate,  dark  pray C  oi"  j 

( Coal,  sulphuroos (K  5  ") 

X  Fire  day 1 

8.  Liroeatone,  Upper  Freeport 3 

L  Sandy  Bhalea 20 

6.  Coal  Middle  Freeport 2 

9.  Sandy  shalea  and  sandstone 30 

ICannel  slate. 
Slaty  coal  .... 
Fire   clay  with 
liiDt'Stone....  2*    ©"( 
Slaty  coal 2*    «"j 

&  Fire  clay  and  shales 2 

9.  Sandstone,  massive 45 

10.  Coaly  slate,  Upper  Kittaniiing 0-4 

11.  Sandstone,  gray,  massive 15 

12.  Coal,  Middle  KitUnning 

18.  Fire  clay,  with  limestonenodales in  nppor  half.. 


Ft.  in. 
3    9^ 

6G 


.  5* 


i 


14 


64 


no.   66.— Section  at 
Freeport,  Pa. 


Total. 


1    6 
6 

155    3^ 

This  section  shows  that  there  is  a  third  Freeport  coal,  coming  nearly 
midway  between  the  upper  and  lower  ones,  at  this,  their  typical 
locality,  a  fact  that  has  been  frequently  overlooked  by  geologists,  and 
that  has  led  to  error  in  identifications.    This  Middle  Freeport  coal,  as 

I  have  termed  it,  is  not  persistent;  but  the  fact  that  there  is  such  a 
bed  in  the  series  occasionally  should  lead  to  careful  scrutiny  of  this 
portion  of  the  column  of  rocks  before  positive  identification  of  the 
liower  Freeport  coal. 

This  latter  bed,  No.  7,  also  has  elements  of  possible  confusion  in  its 
structure  here  at  its  type  locality,  since,  as  may  be  seen  from  the  sec- 
tion, it  is  a  double  bed,  made  so  by  2J  feet  of  fire  clay,  in  which  a  nod- 
alar  limestone  occurs.  It  is  possible  that  these  parting  rocks  may 
expand  to  several  feet  in  some  regions,  and  thus  give  two  Lower 
Freeport  coals,  as  indeed  they  are  known  to  do. 

I  have  included  No.  11  as  a  part  of  the  Freeport  sandstone,  since  at 
one  locality  the  coal  bed  No.  10  thins  out  entirely  and  lets  Nos.  9  and 

II  unite  into  one  solid  sandstone;  but  it  is  possible  that  No.  9  alone 
should  be  included  under  the  name  Freepf)rt  sandstone,  as  originally 
intended  by  Kogers. 
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Section  near  mouth  of  Beaver  River^  Pennsylvania.  —In   tlio  region 
Z  about  the  mouth  of  the  Beaver  River,  the  Lower  Coal 

[.  .|    I        Measures  thicken  up  to  a  considerable  extent, through 

the  local  expansion  of  some  members,  as  shown  by 
the  following  (Fig.  67)  section  of  the  structure  there: 


. 


Near  motUk  of  Beaver  Uirer,  Beaver  County j  Penneiflvania, 

[See  map,  G  k.] 

Ft 

L  Coal,  Cpper  Freeport 

2,  Fiieolmy 

8.  Limestone,  Upper  Freeport 

4  8h»lee,eaiMl.v M 

fi.  Coa),  Lower  Freeport 

«.  8h*lee,Mxidy 

7.  Sandetooe.  mudwive,  Frepport 

8.  Coal,  Middle  Kitunning 

0.  Fireclay 

10.  Sbalee,  Mody,  dark 

11.  CoaV  Lower  Kitunning 

12.  Fireclay 

13.  Sandstone,  flaggy  and  masaive 

14.  Shales,8«ndy 

lA.  Limestone,  Ferriferoas 

1ft.  Black  fossilifenms  shales 

17.  Fireclay 

18.  Sandy  shales 

19.  Fire  clay,  noii-plastic 

20.  Sandstone,  flaggy 

2L  Shaie«,sandy 

22.  Cool,  Brookville 

28.  Fireclay 

24.  Massive  sandstone.  No.  XIL 


Total. 


388 


Beetion  at  Setcickley^  Pennsylvania, — At  Sewickley, 
Alleghany  County,  Pennsylvania,  a  test  hole  for  coal 
was  bored  by  Mr.  Cochran  Fleming,  through  whose 
courtesy  the  writer  had  the  opportunity  of  measuring 
the  carefully  preserved  cores  &om  the  diamond  drill,  which  gave  this 

structure  (Fig.  68)  for  the  rocks  of  the  Lower  Coal 

Measures  there : 


Fio.  87  —Section  near 
month  of  Bearer 
Biver,  Pa. 


Fin. 


Qfl._Section  at  Se- 
wickley, Pa. 


Sewickley f  Alleghany  County ^  Pennsylvania, 

[See  map,  H  1.] 

FL  in. 

1.  Coal,  Upper  Freeport 

2.  Fireclftv  15  8 

3.  Sbalei*,  hlne,  sandy 9  0 

4.  Sandntone 0  10 

5.  Fln?cl:iy H  a 

6.  SaiKUtone 1  3 

7.  Shales    16  6 

8    Dark  nlate 8  0, 

9.  Coal,  slaty,  Lower  Freeport 

10.  Fire  day,  good 1      8 

11.  Fire  clay,  sandy    3      8 

M.Gr.y,inio«eo.i.Mnd«ton6j»'°J"»»«    >•;„•;;{         „    „ 
to  thto  Uye»  Freeport^ «8';„»{„^„--;^,  %,\    •    »    «* 

18.  CoaL  Upper  Kittanning 

14.  Sandstone 18     6 

1&  t  ire  day  (Middle  Kittanning  codI  horizon) 8 

18.  Shales,  dark.  interstratiflt»d  with  fire  clay  48 

iCoal V    '"- 
Slate 0* 
Coal (y 

1&  Fire  clay,  good 

19.  Shales,  bine 

20.  Interval  to  top  of  Ko.  YIT,  estimated 


9"> 


Total 


PL  in. 

2 


1  3 

44  8^ 

0  4i 
73 


8 
16    19 
75 

.175     8 
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Sectmh  at  Washington^  Pennsylvania. — At  Washington,  Pennsylvania, 
the  top  of  this  series  is  1,000  feet  below  the  sarface,  and  Prof.  Linton, 
of  Washington  and  Jefferson  Oollege,  gives  the  follow- 
ing (Fig.  69}  as  the  stmctnre  of  its  rocks  according 
to  the  record  of  the  Thayer  oil  well,  the  drillings  from 
which  he  very  carefnlly  studied  (Geological  Survey  of 
Pennsylvania,  1886,  pp.  764, 765) : 


Under  WaslUngton,  Pennsylvania, 

[See  map,  J  k.] 
TTpper  Treeport  ooal— absent . 


1.  ,^ ^ 

2.  Dark  shale  with  limestone  at  iMttora,  Upper  Freeport. 

3.  Sandstone,  dark 

4.  Sandstone,  white 

ft.  Sandstone,  dark,  with  limestone 

8.  Sandstone, hard 4... 

7.  Shale,  dark , 

&  Shale,  variegated  with  dark  lime 

9.  Limestone,  Johnstown  Cement  ..  i  ^^ht  '  8''  1 
to.  Shal^  dark,  slaty '. 

11.  Shale  and  coal.  Middle  Kittanning 

12.  Shale,  slate  and  shells 

13.  Sandstone,  grayish , 

14.  Shale,  gray 


Ft. 


FL 


15.  Sandstone,  grayish,  shaly  . 
18.  Shale  and  shells 

Total 


12  > 

86  S 
16  ) 

64 

4 

19  ) 
28 
8) 

55 

11 

30 

6 

30) 
26  1 

11  > 

20 

19. 

115 

Fio  00.— Section  nnder 
Washington,  Pa. 

Here  there  is  only  one  coal  present  in  the  series  and  it  would 
appear  to  be  the  Middle  Kittanning. 

Section  near  Carpenters  Station^  Westmoreland  County^  Pennsylvania. — 
Near  the  main  line  of  the  Pennsylvania  Railroad,  in  the  vicinity  of  Car- 
penter's Station,  Westmoreland  County,  Pennsylvania,  a 
well  was  drilled  for  gas  by  Mr.  E.  M.  Hukill,  who  thus 
(Fig.  70)  reports  the  stmctnre  of  the  Lower  Coal  Meas- 
ures, as  published  in  Geological  Survey  of  Pennsylvania, 
1886,  p.  726: 


Near  Carpenter'e  StaHonf  Westmoreland  Count»,  Pennsylvania. 


(See  map,  I  n.] 


Ft. 


1.  Coal,  Upper  Freeport 

2.  Fireclay  (shales) 

3.  Coal,  Lower  Freeport ^ 

4.  Fire  day , 

6.  Sandstone,  gray 

e.  Slate 

C  Sandstone,  hard. 

7.  Sandstone,  Freeport . . .  <  Sandstoue,  noft  . 
(Sandstone,  hard. 

&  Slate 

9.  Sandstonu 

10.  Slate  and  shells 

11.  Slate,  black 

18.  Coal,  Clarion  or  Lower  Kittanning 

19.  Fireclay 

20.  Shale  and  shells 

Fia      70.— Section  21.  Sandstone,  top  of  XII. 

near  Carpenter's                                                       , 
Statioo.ra.  Total 

Bull.  65 8 


Ft, 

2 

65 

2 


107 


13' 5 


15 

46 
27. 


7 
12 
16 
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Section  under  MurraysviUej  Pennsylva/nia. — At  Murraysville,  West- 
moreland Ooanty,  Pennsylvania,  in  tiie  celebrated  nataral  gas  region, 
the  top  of  the  Lower  Goal  Measures  lies  60  to  75  feet  below  the  surface, 
and  the  structure  of  the  series  is  thus  given  (Fig.  71) 
by  Mr.  Donbleday,  from  the  records  of  a  gas  well  on 
the  Bemaley  farm.  Geological  Survey  of  Pennsylvania, 
1886,  p.  721 : 

Und^  Murra}i9v%lle,  We$tmoreland  Cowttyj  Pennsylvania. 
[See  map.  In.] 


(Colli 1' 

1.  Cool,  Upper  Freeport <  Slate 6' 

(Coal 4' 

r  Slate 

8.  Coal,  slate  in  center 

4.  Slate 

6.  Sandttone 

6.  Slate 

7.  Slate  and  sheila 

a  Maadve  sandstone,  top  of  XIL 


FL 


50 
26 
20 
40 


Ft 


133 


Total.. 


236 


Fio.  71.— Section 
onder  Marrays- 
Tille,Fa. 

Section  on  Beaver  Bun,  Westmoreland  County^  Pennsylvania, — About 
9  miles  northeast  of  Murraysville  a  well  was  drilled  on  Beaver  Bod, 
beginning  only  4  feet  below  the  level  of  the  Upper  Freeport  eoal.  The 
record  (Fig.  72)  of  this  well,  as  given  by  Mr.  J.  A.  Mehaffey,  shows 
the  following  structure  there  (Pennsylvania  Geological  Survey,  1886, 
p.  728): 


Beaver  Bun,  Westmoreland  County,  Pennsylvania. 


Fio.  72.— Section  on 
Beaver  Bon,  Pa. 


[See  map,  H  n.J 
L  Coal,  Upper  Freeport 

2.  Concealed .' 

3.  Black  slate .^ 

4.  Limestone 

6.  Coal,  Lower  Freeport 

6.  Fireclay 

7.  Shell,  hard 

8.  Shale,  soft 

9.  Slate,  black 

10.  Shale,  soft 

11.  Slate,  black 

12.  Coaly  slate.  Upper  Kittanning 

18.  Sandstone 

14.  Slate,  black 

15.  Sandstone,  gray 

10.  Slate,  black 

17.  Sandstone 

18.  <Joal,  Lower  Kittanning 

19.  Fireclay 

20.  Iron  ore 

21.  Shales,  soft 

22.  Fireclay 

23.  Febblj'  sr.ndstono,  top  of  XIL 

Total 


FL 


16 


JFl  in. 
3     f 


!« 


U 

1 

5 

50 

5, 

30 

8 

11 

31 


>    n 


85 

4 
25 

e 
s 

u 
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Section  near  Bichnumdj  Pennsylvania. — In  the  northern  portion  of 
Indiana  Ooanty,  Pennsylvania,  in  the  vicinity  of  Bichmond  village, 
the  Lower  Goal  Measures  exhibit  the  following  struc- 
ture(Pig.  73) according  to  Mr.  Wm.  G.  Piatt,  H*, p.  266: 

Near  Bichmond,  Indiana  Counttf,  Pennsylvania. 

Ft. 


[S«e  map,  F  p.] 

L  Coal,  Upper  Freeport 

J.  Clay ^ 

8.  LimestODe 

4.  Shales  and  thin  saadstone 

(Coal...  thfn) 

6.  Coal,  Lower  Freeport  —  <  Sbaiea.     IS*  >  .. 

(Coal...  thiu) 
0.  Concealed 

7.  Sandstone 

a  Clay  slate.. 


9.  CcMU,  Upper  Kiteanninff.. 
10.  Concealed. 


11.  Shales  . 

12.  Sandstone 

18.  Slate  and  shales 

14.  Coal.  Middle  KlttanniDg 

16.  Interval 

16.  CoalLower Kittanning 

17.  Interval 

18.  Shales 

19.  Limestone,  Ferriferous 

20.  Shales  and  slates 

21.  CoaL  Clarion 

22.  Shales 

28.  Sandstone,  massive,  top  of  XXL 


12  1 
10  i 
20  > 


10 

10 ; 

10 
25 
5. 


30 
10 


FL  in, 
8      6 


42 


15 


25 


45 

4 
45 
8 

40 

4 
20 

8 
80 


Total. 


281     6 


Fio.  73.— Section  near 
Bichmond,  Pa. 


Section  near  Lochport  and  Bolivar^  Indiana  County^ 
Pennsylvania. — In  the  vicinity  of  Bolivar  and  Lockport 
jast  east  of  the  Ghestnat  Eidge  anticlinal,Mr.Wm.O.  Piatt  finds  the 
following  SQCcession  (Fig.  74)  for  these  measures  as  given  in  H*,  p.  65: 

Neoflr  LocT^port  and  Bolivar y  Indiana  County,  Pennsylvania, 

[See  map,  I  p.l 

L  Coal,  Upper  Freeport 

2.  Clay  shales 

8.  Shales,  with  ore  luasses 

4.  Sandstone  and  sandy  shales 

5.  Fire  clay,  good 

8.  Limestone,  impure,  Upper  Freep«)rt .. 

7.  Ttiin  bedded  sandstone 

8.  Clay  elates  and  shales 

8.  Coal,  Lower  Freeport 

10.  Clay,impure 

U.  Limestone,  Lower  Freeport 

12.  Clay  shales 

18.  Sandstone 

jW,  14.  Sandy  Are  clay 

15.  Slates  and  shales 

16.  Sandstone 

17.  Grayish  slates 

18.  Coal,  Upper  Kittanning 

19.  Fire  clay,  impnre .' 

20.  Limestone,  Johnstown  cement 

^g,^21.  Dark  slates  and  shales 

^*'*22.  Sand.T  shales  with  ore  nodalcs 

23.  Carbonate  iron  ore  band 

24.  Blank  slates 

25.  Coal.  Middle  Kittanning 

26.  Slstes 

27.  Shales 

4^  28.  Black  slate  and  shale 

29.  Coal,  Lower  Kittanning 

80.  Clay 

31.  Sandstone 

82.  Shales  and  clay  slates 

f  Coal thin 

88.  Clarion  coal <  Sandstone.. 

(Coal 

84  Fire  clay 

36.  Shales 

FlGw  74.--Section  near  86.  Sandstone,  heavy,  compact. 
Lockport  and  Boli- 
var, Fa.  Total 


I- 


6 

3 
10 

3 

8 

7 
15 

3 

6 
10 

7 

3 
20 
10 

6 

6 

3 
20 
20 

0      6 
10 

^l      I 

30         S 

.1    I 

13        5 


52 
2     9 

64 

1    10 
59     0 

1 

48 
5 


2 
10 
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Section  near  Laughlinstownj  Pennsylvania. — In  the  vicinity  of  Langb- 

liimtown,  Westmoreland  County,  and  10  miles  sonth  from  Bolivar,  Dr. 

Jno.  J.  Stevenson  (EKK,  p.  135)  reports  the  Lower  Goal  Measures  with 

the  following  structure  (Fig.  75) : 

Laurel  Bun,    Ligonier  Ibwnshipf   Weshnareland  County,   PmntyU 

vania. 

[See  map,  J  p.]  Ft  in.        Ft.  in. 

L  Coal,  Upper  Freeport 4 

2.  CUy  ..r.V. r. 6         ) 

8.  Fire  olay,  Don-plBstlc 2         I 

4.  SandstoDe 1 

5.  Concealed 11  >      «2 

6.  SandfltODe ■. 1 

7.  Concealed 29  I 

a  Shale 12         J 

9.  Coal,  Lower  Freeport 0      C 

10.  Shaloa 10  {      „ 

11.  Concealed 8         5      " 

(Coal 1'    8") 

12.  Coal,  Upper  Klttanning  <  Sbaly  aandntone 5'    0"  V  «       7 

(Coal (y    1") 

13.  Shale 


14.  Limestone.   Johiutoirn<  |J™i^*^°f  ;•"•;•••;;};    ^', 


Cement 


:S 


'  (Limestone ^..V    0'' 

15.  Shale 80 

16.  Coal,  Middle  Kittanning 

17.  Concealed 25 

18.  Samistone 25 

19.  Shale 1 

fCoal 1'  10"! 

I  Clay 0'    2" 

20.  Coal  Lower  Kittannii>K<{  Coal 1'    0"  y 

iCoal.slaty O'    8" 

i Carbonaceous  shale..  1'    8"j 

21.  Clay 

22.  Massive  sandstone,  coarse 

23.  Shale ^... 

24.  Iron  ore 

25.  Shale 

2«.  Coal,  Clarion 

27.  Shale  

28.  Top  of  Ko.  XIL 


11      6 


Total  . 


43  « 

3  « 

61  6 

6  3 


5 
35 
2C 

16 

2 

26 


205      9 


Section  on  Cucumber  Run,  Stewart  Township,  Fayette  County,  PennsyU 
^^      vania. — In  this  same  basin  (Ligonier)  and  .on  south west- 
^  ward  near  the  Youghiogheny  River,  in  Fayette  County, 
the  Lower  Coal  Measures  exhibit  the  following  structore 
(Fig.  76)  on  Cucumber  Eun,  as  reported  by  Stevenson 
(KKK,  p.  89): 

Cucumber  JJun,  Stewart  Tatcnahipf  Fayette  County,  Pennsylvania, 


1.  Coal,  Upper  Freeport 

2.  Clay 

3.  Limestone,  Freeport 

4.  Firft  clay,  Bolivar,  and  shalo 

5.  Shalo,  sandy 

6.  Coal,  Lower  Freeport  (t)  — 

7.  Shale,  sandy 


[See  map,  K  n.l 


5f 


-     .. 


8.  Coal,  Upper  Kittanning(t) 

9.  day 

10.  Sand  stone,  Freeport(f) 

11.  Concealed  (mostly  sandstone) 

12.  Coal,  Middle  Kittanning 


Coal. 
Clav.. 
Coal. 


2'    3") 

C    4''>. 

3'    4") 


18.  Sandstone . 

14.  Concealed 

15.  Coal,  Lower  Kittanniog 

10.  Concealed 

17.  Coal,  Clarion  or  Brook villo 

18.  Shalt  and  clay 

Fro.  76.— Section  on  19.  Sandntone,  massive,  top  of  XIL 

Cucnmber  Kun,  Fay- 
ette County,  Pa.  Total 


^1 


40j 

10} 
25j 


Ft. 
3 


44 


6    11 


bloaaon 

35 
bio 


'0191111™;  ^OTOQ  l€ 


10 


278    10 
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Section  at  Ifeioburgy  West  Virginia. — Newburg,  on  the  Baltimore  and 
Ohio  Bailroad,  in  Preston  County,  West  Virginia,  is  situated  at  the 
center  of  the  same  coal  basin  as  bolivar,  Ligouier,  etc.,  and  there  a 
deep  shaft  reveals  the  following  structure  (Fig.  77)  for  the  Lower  Coal 
Measures : 

8h<^ft  at  Newburg,  Preaton  Couniy,  West  Virginia, 


[See  mftp,  O  m.] 
5Coftl 3' 


FL  in. 


1.  Ool,  Upper  Freeport -  )  cSdiid  iute.*:  I'' 4"  }  

2.  Shales 8 

3.  SandBtone 18 

4.  Limestone,  Upper  Freeport ....  8 

0u  Shales 6 

6,  Iron  ore 1 

7.  Shales ~ 4 

8.  Flreolay  (horizonof  Lower  Freeport  coal) 

9.  6hales,fcray 14 

10.  Shale.dark 11 

11.  Shale,gr»y 9 

12.  Sandstone,  Freeport 74 


Ft.  in, 
6     4 


45 


108 


13.  Coal,  Upper  and  Middle 


I  Coal V  0") 
Shite   O'  3'M 
Coal.sUty.  2' 0"  I 
Fireclay  .  2' O'' ( 
Coal,  good.  2^  0"J 

14.  Fire  clay  and  shales  with  iron  ore  nodnles 

fCoal 0'  10" 

Shale,  gray O'  10" 

ICoal V    6'' 

15.  Coal,  Lower  Kittonning  i  Coal,  bony 0' 

.     I  Coal,  main  bench  " 

I  Black  slate 

ICoal 


0'  3"  S  .. 

4'  6" 

(y  6" 

2*  0") 


7     3 


15 


0     6 


16.  Sandstone  and  shale 

17.  Pebbly  sandstone^  top  of  XIL 


Total. 


88 


230 


PIO.T7 — Section  at 
Newbnrg,  W.  Va. 

Here  the  Upper  Freeport  coal  lies  150  feet  below  drainage  and  700 
feet  below  the  tops  of  the  immediate  hills. 

No.  13  appears  to  represent  both  the  Upper  and  Middle  Kittanning 
coal  beds,  which  ate  brought  practically  together,  and  also  very  close 
to  the  Lower  Kittanning  bed  by  the  thinning  away  of  intervening 
rocks. 

The  interval  under  the  Lower  Kittanning  bed  here  is  revealed  by  a 
diamond  drill  hole  which  was  put  down  150  feet  below  the  latter 
stratum. 

The  Lower  Freeport  coal  is  not  present,  but  its  horizon  is  clearly 
indicated  by  the  bed  of  fire  clay,  No.  8,  at  45  feet  under  the  Upper 
Freeport  coal. 

The  Freeport  sandstone,  No.  12,  has  a  large  development,  and  where 
it  comes  to  the  surface,  4  miles  above  Newburg,  is  nearly  100  feet 
thick. 
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Section  at  Johnstoum^  Pennsylvania. — Johnstown,  PennsyWania,  lies 
just  east  of  the  Laurel  Hill  anticline,  and  the  Lower  Goal  Measures 
have  there  been  splendidly  exiA)fled  through  the  mining  operations 
of  the  Cambria  Iron  Company.  The  following  section  (Fig.  78)  of  the 
rocks  in  that  region  is  given  by  the  chief  engineer  of  the  Cambria 
Company,  Mr.  John  Fulton  (H*,  pp.  308,  309) : 

VieinUy  of  Johnstown^  CamMa  dnmtif,  PenMSjflviinia. 


[Sm  map,  I  q.] 

1.  Coftl,  Upper  Fre«port 

2.  Fireclaj' 1 

8.  Shales 5 

4.  Sandstone 10 

&  Shales 5 

(J.  Kidney  ore 0    10 

7.  Shales 15 

8.  Sandstone 15 

9.  Shales 8 

10.  Coal,  Lower  Freeport 

11.  Shale 0      6 

12.  Limestone,  Lower  Freeport 8 

13.  Iron-stained  shales 17 

14.  Sandstone,  icray,  micaceoos 21 

15.  Slates 4 

16.  Coal,  Upper  Elttanning 

17.  Fireclay 0     9 

18.  Limestone,  Johnstown  Cement 5 

10.  Fire  clay,  impure 7 

20.  Slates,  with  iron  ore 8 

2L  Slati* 8 

22.  Black  slates,  with  iron  ore .^ 11 

(Coal 0* 

23.  Coal,MiddleKittanninff^  Slate 1' 

JCoal V 

24.  Thin  black  slates 13 

26.  Coal 0 

26.  Fireclay 4 

27.  Sandstone,  gray 18 

28.  Sandstone,  wavy,  gray 4 

20.  Iron*stained  slates 6 

80.  Coal,  Lower  EitUnning 

8L  Fireclay # 8 

82.  Gray  slates  and  shales 21 

88.  Massive  black  shales 15 

84.  Gray  sandstone 5 

85.  Massive  black  slate 5 

86.  Coal,  thin 

87.  Black  slates X 

88.  Gray  sandstone 4 

39.  Thin  gray  slates 6 

(Coal if 

40.  Coal, Clarion ^. Slate. 

tCoal.. 

41.  Fireclay 

42.  OraysUtes 

43.  White  massive  8aud<itoue,  tup  of  XII. 


54  «i 


45V 


J3V 


40V 


^' 


<f    3") 
1'     0">. 
0*    8") 


if    6") 
0'    6">. 
1'  lO''  > 


s    • 


^      54    Id 


2    e 


>•      45     6 


3     6 


39     » 


1    e 


40     9 


3     6 


>      ~ 


6    10 


3     0 

28     0 


Fxo.  78.— Section  near 
Johnstown,  Pa. 


Total. 


283     8 
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Election  at  Conemaugh,  near  Johnstown j  Pennsylvania. — ^The  writer 
compiled  a  sectioa  of  the  Lower  Coal  Measures  atOonemaagh  and  else- 
where in  the  vicinity  of  Johnstown,  which  differs  only 
e^^- _;^  ill  minor  detarils  from  that  of  Mr.  Fnlton.    It  reads  as 

^_m^^         foUows  (Fig.  79) : 


8.  Limestone.  Johnstown 
Cement 


Fio.  79.— Section  At 
Conemaugh,  Pa. 


Near  Johnstoumt  Penn8ylvania. 

[See  map,  I  q.]  Ft.  in, 

1.  Coal,  Upper  Frei'port 

2.  Fire  clay  and  Handy  Hhales 

3.  Coal,  Lower  Freepoit 

4.  Shales  and  aandy  beds 

6.  Sandstone,  massive  

8.  Coal.  Upper  Kittanuin>c 

7.  Shale 0     6 

S  Limestone 2f  6"> 
Shale  aud  iron  ore.  1'  6"  V ... .     8     6 
Limestone 4'  (y'j 

9.  Dark  sandy  shales  with  iron  ore 33 

(Coal  and  slate.. (K  6'') 
10.  Coal, Middle  Kittanning.  < Slate C    6">.... 

(Slaty  coal C  10") 

IL  Shale8,drab 15 

12.  Coal 1 

13.  Iropnre  fire  clay 5 

14.  Sandstone,  gray  micaceoos 45 

15.  Sandyshales 6 

16.  Coal,  Lower  Kittanning 

17.  Shales,  snndy 

18.  Coal,  Clarion 

19.  Fireclay 

20.  Concealed  and  shales 

2L  TopofXIL 


It,  in, 
3     6 

40 
0     7 

20 

40 
3 


44     0 


1    10 


71 


3 

30 

6 

5 

15 


Total. 


281    11 


Section  in  Jaclcson  Township,  Cambria  County y  Pennsylvania. — In  Jack- 
son Township,  Cambria  Connty,  8   miles  northeast  of  Johnstown,  a 
,  „  well  was  once  drilled  for  oil,  and  I  obtained  ftom  the  con- 
tractor the  following  record  (Fig.  80)  of  the  strata  repre- 
:|  ,  senting  the  Lower  Coal  Measures.    It  is  chiefly  important 
as  giving  the  total  thickness  of  the  series  in  a  vertical 
i^   measurement: 

Jackson  ToumsMpf  Cambria  County,  Pennsylvania. 

[See  map,  I  q.  J 

Ft.  in, 

1.  Coal,  Upper  Freeport 8     8 

2.  Fire  clay  and  slate 8 

3.  Sandstone,  gray 44 

4.  Slate,  drab 2 

5.  Coal,  Lower  Freeport 4 

8.  Fireclay  and  limestone 6 

7.  "  Soapstone '*  (shale) 60 

8.  Sandstone,  gray 3d 

9.  Coal  and  slate,  Lower  Eittanning 8 

^0.  Sandstone,  gray 48 

n.  Shale 3 

12.  Coal,Clarion 8     6 

13.  Fireclay 3     8 

14.  Slate,  gray 65 

Fio.    80.~Section  15.  Hard  sandstone,  top  of  XIL 

in  Jackaon  Town-  — _ 

ship,       Cambria  Total 279     8 

Gonnty,  Pa^ 


'0<yMW^^' 


:•;•: 


4a* 
53! 
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Section  on  Ben^s  Creek^  Cambria  County^  Pennsylvania, — "Sear  the 
eastern  border  of  Cambria  County,  along  the  waters  of  Ben's  Creek,  in 
Washington  Township,  the  following  section  (Fig.  81)  is  reported  bv 
Mr.  Franklin  Piatt  (H«,  p.  48)  : 

Ben's  Creehj  Cambria  County,  Penntylvania. 


ISee  map,  I  q.] 

FL  in. 

1.  Coal,  TJpp«r  Freeport 

2.  l-nrecUy 8 

3.  Black  slates  and  shales : 15 

4.  Limestone,  Upper  Freeport 7 

6.  Interval 15 

0.  Sandfitone 12 

(Coal C    2"] 

7.  Col,  Lower  Freeport IS^Se^'otrai^dVhi;:::  I   ^'\ 

ICoal y  0"J 

a  Fireclay 2 

9.  Limestone,  Lower  Freeport 2      6 

10.  Shales,  iron-bearing 15 

11.  Coal,  smut 0     2 

12.  Fireclay,  shales,  withore balls 5 

13.  Coal,  smut 0     3 

14.  Fireclay 1 

16.  Slates  and  shales 6 

16.  Black  slates 7 

17.  Coal,  Upper  Kittanning 

18.  Fireclay 1     g 

19.  Drab  shales 25 

20.  Sandstone,  fine  grained 80 

2L  Black  slate 0     3 

22.  Coal,  slaty.  Middle  Kittanninz 

28.  Fireclay 

24.  Sandstone 5 

25w  Fireclay,  shale .« 10 

28.  Black  slate 5 

27.  Coat'  Lower  Kittan ning 

28.  Sandstone  and  shale 

29.'Coal.  Clarion 

SO.Jfirccbiy 6 

3L  Sandstone 0    10 

82.  DoTeHM>lored  shale,  with  ore 10 

33.  Sandstone 8 

34.  Fire  clay,  shale 2 

85.  Coal,  BrookvUlo , 

86.  Fire  day 

37.  Concealed 

88.  TopofXn. 


Ft  m. 
4      4 


55 


10      2 


U 


s    e 


56      9 


Fio.  81.— Section  on  Ben's 
Creek,  Cambria  County, 
Pa. 


Total.. 


S 
18 


20  10 

1  S 
25 

203  8 
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Section  near  Stoyesttncn^  Pennsylvania. — In  the  vicinity  of  Stoyes- 
town,  on  Stony  Creek,  Somerset  County,  Pennsylvania,  near  tbe  center 
^]^      of  the  basin  between  the  Viaduct  and  Negro  Mountain 
^^        anticlines,  the    series  exhibits  the  following  structure 
(Fig.  82)  according  to  Mr.  Franklin  Piatt  (H^,  p.  129) : 


SUyyestauniy  Somerset  County^  Pennsylvania. 

[See  map,  J  q.] 

Tt  in. 

SCotl 3') 
Shale 8'>  
Coal 3') 

2.  Interval - 

8.  Black  slatea '. ^. 

4.  Coal,  Lower  Freeport 8 

6.  Fireclay 2 

6.  Limeatone,  Lower  Freeport 8 

7.  Interval 7 

8.  Sandstore,  massire 30 

9.  Black  tlatea 8 

10.  CoalUpporKitUnniDg 

n.  Black  Alate 0     8 

12.  Liipefltoiic,  Johnstown  Cement V 

13.  Fireclay f 

14.  Interval 86 

15.  Blaokalatea 3 

16.  Coal,  Clarion 

17.  Interval,  ooncealfed 

18.  Top  of  No.  Xn. 

Total 


9Sr9 


Fia.82. — Section  near 
'  Stojestown,  Pa. 


Ft.  in. 
14 


70 
f 


63 

4 
05      G 


8 
80 


272     8 


Section  at  Pinlcerton  Pointy  Pennsylvania. — On  the  Castleman  Elver 
at  Pinkerton  Point,  in  the  sonthem  portion  of  Somerset  County,  a  very 
complete  section  of  the  Lower  Coal  Measures  was  obtained  by  Mr. 
Franklin  Piatt  along  the  Baltimore  and  Ohio  Eailroad,  near  Shoo  Fly 
Tunnel,  and  is  reported  as  follows  (Fig.  83)  (H^,  pp.  202, 203) : 


PinJcerion  Point,  Somerset  County,  Pennsylvania, 


[See  map,  L  o.] 


Ft.  in. 


1.  Upper  Freeport  Coal  (absent) 

2.  Limestone,  lerraginoDe,  Upper  Freeport 2 

8.  Interval 66 

4.  Sandstone 10 

SCoal ...  2'    3") 
Shale  and  fire  clay  2'    0"  > 
Coal 1'    3"J 

6.  Limestone,  Johnstown  CeincDt — i 0 

7.  Interval (.9 

8.  Sandstone 8 

9.  Blackslate 7 

10.  Coal.  Middle  KittanniDg 

11.  Fire  clay,  ¥rith  ore 3 

12.  Sandstone 4 

13.  Black  slates 10 

14.  Coal 0 

16.  Fire  day  with  iron-ore  balls 3 

1«.  Slateandolay 10 

17.  Coal.  Lower  Kittanning 

18.  Fireclay 1 

19.  Shales,  with  ore  ball» 20 

20.  Sandstone,  brownish 10 

21.  Coal.  Clarion 

22.  Fireclay 

38.  Sandstone 

Fig.  8S.~Seotion  at  24.  Slates,  dark  colored 

Pinkerton  Point.  26.  Maesiye  sandstone,  top  of  Na  XII. 


BomortotConnty, 
Piftp 


Total . 


Ft  in. 

6     6 

00 

1 

81      6 

2 

81 

1 

e 

4 
18 

IS 
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Section  near  Cresaon,  Pennsylvania. — An  oil  boriDg  near  Gresson,  on 
the  saiumit  of  the  Alleghany  Moantaibs,  gives  the  following  measare* 
meuts  (Fig.  84}  for  the  Lower  Coal  Measures  (H'  page 
30): 

Baring  at  Cre»8on,  Cambria  Couaty,  PennBylvania. 
(See  map,  H  r.] 

1.  Cool,  Upper  Freeport 6 

2.  LimestODe,  Upper  Freeport 3 

8.  Mixed  drilling » 

4.  Coal,  Lower  Freeport 4 

&  Shelly  "soapstone"  (tandistoiies  and  shales) 115 

8.  Oanneleoal 0   If 

7.  Slate U 

8.  Coal,  mixed  with  sandstone 49 

9.  Hard  sandstone  (Na  XII). 


Total. 


Fio.  84.— Section 
near  Creaaon,  Pa. 


Section  at  Bennington^  Pennsylvania. — Jost  over  the 
crest  of  the  Alleghany  Mountains,  at  Bennington,  Blair 
County,  the  following  section  (Fig.  85)  of  this  series  has 
been  carefully  worked  out  by  Mr.  John  Fulton  and 


Franklin  Piatt  (IP,  pp.  3,  4) : 


Bennington,  Blair  County,  Pennsylvania. 


[See  map,  H  r.] 


Ft  in. 


itr 


Fio.   85.— Section  at 
Benninn^ton,  Pa. 


1.  Coal,  Upper  Freeport 

2.  Fire  clay,  iiupnre 2        ) 

3.  Sandstones  an  1  bl AC  k  slates 20         | 

4.  Limestone,  Upper  Freeport 3         ^ 

5.  Fermiitiiuus  slnti'S  nn'lHhales 20         | 

8.  Sandstones  and  Handy  shales 20        j 

7.  Coal 

a  Fire  clay 1 

0.  Sandstone,  drab &.  21 

10.  Black  slates 20 

IL  Coal,  Uppi'r  Kittanninz 

12.  Drab  lilates,  with  iruu  balls 11 

13.  Sandstone 0 

14.  Blneslatos 18 

15.  Sftndnloue,  massive 15 

16.  Slates 12 

SCoal 0'    «") 
Slate O'    6"> 
Coal 1'    b"J 

18.  Fire  clay,  impure 6 

19.  Sands. oiie 12 

20.  Sl»te 1 

21.  Coal 0 

22.  Sandstone 7 

23.  Black  slates  8    lOj 

24.  Coal,  Lower  Kittanuing 

25.  Fire  clay,  good 8 

26.  Shales 28 

27.  Black  slatea 2 

28.  Coal.  Clarion 

28.  Slatea 23 

30.  Gray  sandstone 4 

81.  Coai,  BrookvUle 

82.  Fireclay 

33.  Sandstone,  massive,  Ko.XIL 


Ilia. 

5     6 


;l 


S 
42 

2  10 

a  1 

s  I 

85  S 

3  « 
14 

1  8 


Total. 


Digitized  by 


Google 


WHm.] 


THE   LOWER   COAL   MEASUKES. 


123 


Section  at  Clearjield^  Pennsylvania. — At  the  town  of  Clearfield,  Clear- 
field County,  Pennsylvania,  the  following  section  (Fig.  86)  was  made 

by  the  writer : 

Clearfitldt  Pennsylvania, 

ISeemap.Es.] 


L  Coal,  Upper  Freeport  . 


r  Coal,  bony. 
J  Coal,  good . 


1'  CM 
V  8"  J 


•  \  Slat© C 

ICkwl. 

2.  Concealed,  and  shales 

8.  Coal«  Lower  Freeport 

4.  Shales 

5.  Sandstone,  massive,  gray,  Freeport 

«.  Sbales.sandy   

7.  Coal.  Middle  Kittanning 

8.  Shales,  and  concealed 

9.  Coal.  Lower  Kittanning 

10.  Sandy  shales 

11.  Fireclay 

12.  Sandstone,  flaggy 

18.  Shalea,dark 

(Coal,slaty V  6"> 

14  Coal,  Clarion <  Fire  clay  and  shales.  8'  o"  >  . 

(Coal,good I   0"> 

15.  Fire  day  and  shales. 


Ft.       Ft  in. 


4     4 


(Coal, slaty.  (K 
»....<  Shale 


(K    4") 
(K  12"  >  . 
0'    8") 


Fig.  80.— Section  at 
Clearfield,  Pa. 


16.  Coal,Brookvill©..      . 

(Coal. 

17.  Fire  clay  and- concealed  . . . 

18.  Hard  massive  sandstone,  top  of  Ko.  XII|  in  bed  uf  Sus- 

quehanna Biver. 


60 

2 

6 

10  1 

70 

1 

6 

35 

2 

11 

45 

10 

6 

10 

2 

5 

Total.. 


2S7    10 


Section  near  Morrisdale^  Pennsylvania. — Near  Morrisdale,  Clearfield 
County,  the  following  section  (Fig.  87)  is  reported  by  Mr.  H.  Martyn 
Chance  (H%  p.  61): 

Near  Morrisdale,  Clearfield  Countu,  Pen'mylvania, 


[See  map,  F  t] 

FU  in. 

1.  Coal,  Upper  Freeport — 

2.  Fire  day  and  shales • 

3.  Coal,  Lower  Freeport 

4.  Fireclay 2     6 

5.  Limestone,  Lower  Freeport 2 

6.  Slate  and  sandstone 39 

7.  Coal,  Upper  Kittanning 

8.  Fireclay 3 

^^^  9.  Limestone,  Johnstown  Cement 2 

10.  Fire  clay  and  sandstone  with  iron  ore 8 

^   11.  Black  sUte 8 

,    12.  Coal 0 

IS 


^fT 


0'    6"  J 
3'    Z"\ 


13.  Sandstone 15 

(Cofll 

14.  Coal,  Middle  Kittannin;;.  <  Saii'lBiotie. 

(Coal 

16.  Sandstone 25 

16.  Slate : 3 

17.  Coal,  Lower  Kittanning 

18.  Interval  to  top  of  Ko.  XII,  estimated,  about 


Ft,  in. 
2  6 
82  6 
4     6 

48      6 

2    10 


Fig.  87.— Section  near 
Horriadale,  Pa. 


Total. 


4  7 

\  » 

5  6 

75 

"239     6 
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Section  at  Sterling  MineSy  near  Routzdale,  Penjj^sylvania. — At  the 
Sterliup:  mines  of  R.  H.  Powell's  Sons  &  Co.,  Clearfield  County,  a 
diamond  drill  boring  was  sunk  through  the  Lower  Coal  Measures,  b^ 
ginning  10  feet  below  the  level  of  the  main  coal  mined  in  that  region. 
I  copied  the  record  of  this  bore  hole  from  the  office  of  the  compaEy, 
and  it,  combined  with  the  surface  exposures,  gives  the  following  sue- 
cession  (Fig.  SS) : 

Boring  at  SierUng  Mine9f  near  HouUdaU^  Clearfield  Counijff  Penneylvanitu 

(See  map,  G  s.] 


5  Bone  coal  .. 0'  10"  J 


1.  Coal,  Upper  Freeport...  J  t*^«--^,ii--ii^-j;^-^^^^^^^  ^, 

2.  Concealed 

3.  Surface  material  in  drill  hole 

4.  Dark  slate 


6.  Coal,  Lower  Freoport. 


TBlaok  nhale  and  coal 1' 

j  Shale,  nandatune,  and  alate 

^S«»flMhale 

Sandatooe 1' 

obI 


]Sa 
[Co 


V  «"1 

V  0"}. 
1'  0"\ 

V  0") 


FL 


16 


16. 


FL  in. 
i     4 


0.  Bandy  shale ft  | 

7.  Hnrd  saudstonu,  Freoport ^ 31  j 

8.  DorksUte 14  j 

9.  Coal,  Upper  Klttanning 

10.  Firtjclay 

IL  Dark  slate 

12.  Coal,  Middle  Klttanning 

13.  Shite 

14.  Sandy  shale 

15.  Slate 

16.  Coal,  Lower  B[ittanning 

17.  Fireclay 1 

18.  Slate 9 

10.  Sandstone,  close,  hard 82 


7  j 


Pio.  88. -Section  at 
Sterling  MinAs, 
near  Houizdale,  Pa. 


20.  Shales 

2L  Coal,  Clarion. 
22.  Hard  slate.... 


21  j 


Total. 


241    i 


The  coal  at  the  top  of  this  last  section  has  been  identified  as  the 
Lower  Freeport  bed,  throughout  the  Clearfield  region,  by  Messrs.  Piatt, 
Chance,  an<l  other  Pennsylvania  geologists  j  but  it  seems  to  me  that 
this  section,  taken  in  connection  with  the  one  at  Clearfield  (Fig.  86), 
tends  to  prove  that  the  coal  in  question  is  the  Upper  Freeport.  This 
interpretation  is  further  confirmed  by  the  presence  of  the  Lower  Ma- 
honing sandstone  on  above  No.  1,  and  a  thin  coal,  the  Mahoning  bed, 
at  CO  to  80  feet  above  the  latter,  while  crowning  the  hills  is  the  Upper 
Mahoning  sandstone,  whose  top  is  100  feet  above  No.  1.  Then,  too,  the 
structure  of  the  coal  itself  is  the  same  as  the  Upper  Freeport,  a  few 
miles  distant,  where  it  is  mined  along  the  Pennsylvania  Bailroad,  in 
the  edge  of  Blair  County. 


Digitized  by  VjOOQ  iC 


wnrntj 


THE   LOWEB   COAL  MEASURES. 


125 


Section 'at  Shoup^s  Run^  Broad  Top  Basin^  Huntingdon  County y  Penn- 
gylvania. — Id  the  Broad  Top  coal  basin,  Shoap's  Bon,  HaDtlugdon 
County,  Pennsylvania,  the  Lower  Coal  Measures  exhibit 
the  following  structure  (Fig.  89),  as  given  by  the  writer 
in  T',  Geological  Survey  of  Pennsylvania,  page  46 : 


^^^•' 


^^^m 


W^-^^^f^ 


^^^^^#; 


Skoup's  JBun,  Broad  Top  Baein,  Huntingdon  County^  Pennsylvania. 

[See  map,  J  t] 
1.  Coal,  Upper  Freeport 

3.  Saady  shales  and  sandstooe 

8,  Coal,  Upper  Kittanniog 

4.  Shales  and  sandstone 

5.  Coal,  Middle  Klttanning 

6.  Shales  and  shaly  sandstone 

7.  Coal,  Lower  Kittanning 


Fio.  80.-Section  ®-  Shales  and  concealed... 
at  Shoop's  Ran,  g.  Massif  oonglomerate. 
Broad  Top  Ba- 
afn,  Huntingdon 
Coonty.Pa.  Total 


FL 
1 
100 
2 
10 
4 
50 
0 
20 


190 


Section  in  East  Broad  Top  BasiUj  Huntingdon  County ^  Pennsylvania. — 
In  the  East  Broad  Top  region  of  Huntingdon  County  the  structure  is 
thus  (Fig.  90)  given  by  Mr.  H.  N.  Sims  ("P,  p.  68) : 


EaBt  Broad  Top  Ba9%ny  Huntingdon  County,  Pennaylvania. 


fSee  map,  J  t] 


FL  in. 


f»'.>j : 


1^  1 


Bsr 


M'lO* 


if  r 


1.  Coal  and  slate,  Upper  Freeport 

2.  Concealed 10 

8.  Conglomerate,  small  pebbles 10 

i.  Massire,  light  gray,  pebbly  sandstone,  slightly  argilla- 

oeoasattop 60 

6.  Concealed 4 

6.  Sandstone,  micaceoas 2 

7.  Concealed  to  top  of  shaft 34 

8.  Dark  gray  slate  with  iron  ore  balls 30 

0.  Sandstone,  mioaceoos,  dnrk  gray 6 

SCoal 2'    7 
Black  Blate 
Coal 

11.  Sandstone,  slaty 

12.  Coal,  Middle  Kittanning 

13.  Concealed 4 

14.  Blue  olay  shales 8 

15.  Concealed 8 

16.  Tellow  shaly  sandstono 3 

17.  Dark  gray  sandy  slate 5 

18.  Black  slate,  sandy  ....>.....'. 11 


2'    7"! 
0'     3") 


Ft  in, 
2 


>  165     4 


10 


3     3 


>     35 


f  Coal,  top  bench 1 

.r.-     ^     «            .     «       19.  Coal,  Lower  Kittanning  <  UanlHlate.partin; 
rio.  90.— Section  in  East                                                   (  Coal,  bottom  bent 
Broad  Top  Uaj>iD,  Hunt- 
ingdon County,  Pa.  Total 


3    10 


...  V  d"} 
Iff.  (y   4"> 

h.  2'    0"> 
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Section  in  Broad  Top  Basin.  Bedford  Conhtyy  Pennsylvania. — In  the 
Broad  Top  Basin  of  Bedford  Coanty,  Pennsylvania,  the  stractore  is 
thus  (Fig.  91)  given  by  Stevenson  (T^  pp.  69  and  60): 


Broad  Top  BaHny  Bedford  Countjff  Pennsylrania. 


[See  map,  J  t) 


Ft. 


1.  Coal,  Upper  Freeport 

2.  Shales  and  sands toDe«. ... 
8.  Coal,  Upper  Kittauning.. 

4.  Clay 

5.  Sandstone 

6.  Coal.  Middle  Kittanning. 

7.  Clay 

8.  Sandstone  and  shale 

9.  Coal,  Lower  Kittanning  . 

10.  Clay 

JL  No.  XII,  conglomerate. 


50l 


Total. 


FL  t«u 
5 
93 

1  f 

2 
28 

4 

56 

2  6 

3 


105 


Fio.  91.~Section  in 
Broad  Top  Basin, 
Pa. 

Section  at  Piedmont,  West  Virginia, — In  the  vicinity  of  Westernport, 
Maryland,  where  the  North  Potomac  cuts  across  the  Cumberland  or 
George's  Creek  coal  basin,  the  Lower  Coal  Measui*es  exhibit  the  follow- 
ing succession  (Fig.  92)  : 

Piedmont^  Mineral  County ^  Weal  Virginia. 


1.  Coal,  UppffFreeport. 


2'i 


It 


i*-«^^- 
•"^c^ 


Fin.  92.— Section  at 
Piedmont,  W.  Va. 


[Sie  map,  N  p.] 

CCoal 2*) 

<  Shale  and  bone.  I' 
(Coal 2' 

2.  Concealed 

3.  Shale,  bluish 

4.  Coal,  Lower  Freeport 

5.  Fire  clay 

6.  Concealed 

7.  SandHtone,  hard 

8.  ^and.stone,  sbaly 5 

9.  Shales,  sandstone,  and  coocealrd 55 

10.  Coal, Upper  Kittanning..  {[!j,*^;"^"«^;^f;'|^«    %\ 

11.  Dark  shales,  and  concealed , 10  ' 

12.  Massive  sandstone,  gray 50 

13.  Shale8,drab 5 

(Coal,  slaty 
J  Coal,  bony 

I  Slate,  hard 
[  Coal,  good. 

15.  Fire  clay,  sandy 

16.  Shales,  with  nodalar  iron  ore 

17.  Fire  clay,inipare 

18.  Flaggy  ^audstone 

19.  Concealed 

20.  Fire  clay,  sandy .f 

21.  Flaggy  sandstone  and  s.amly  shales 25 

22.  Concealed,  and  bandy  sh:;le8 

28.  Top  of  No.  XU. 


5 


I-- 

7 
65 


U.  Coal,  Lower  Kittanning 


1'  0" 

II'  8" 

1'  V 

2  e" 


5  ^ 


Total. 


807   6| 
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Section  near  Maple  Swamp  water  tanJe^  West  Virginia  Central  Rail- 

roadj  Mineral  County^  West  Virginia. — Near  Maple  Swamp  water  tank, 

on  the  West  Virginia  Central  Bailroad,  Mineral  County, 

West  Virginia,  these  beds  exhibit  the  following  structure 

(Fig.  93): 


to' 


n' 


sar 


=gg1g<F 


^^ 


On  North  Potomao  at  Maple  Swamp  water  tank.  West  Virginia  Central 

Bailroad* 


[See  map,  K  p.] 


C    5") 
1'    4">. 
2'    6") 


^•»- 


J  Coal 
Bone  and  8lAt4> 
Coal 

2.  Concealed .' ^ 00 

8.  Coai  Lower  Freeport 1 

4.  Concealed 65 

5.  Coal,  Upper  Kittanninji: 1 

0.  Conoealed,  and  slate 46 

SCoal 3'    0") 
Slate 2'    0''> « 
Coal 1'    6"^ 

8.  Concealed,  and  sandBtone 85 

».  Coal.  Clarion 2 

10.  Shales,  and  concealed 45 

11.  Massive  sandstone,  top  of  No.  XII. 


FL  in, 

A     8 


Total. 


306     4 


2V 


Section  near  Thomas^  West  Virginia. — At  the  head  of 
the  North  Potomac  and  on  the  Cheat  Eiver  side  of  the 
great  Alleghany  watershed,  we  get  a  fine  exposure  of  the 
Lower  Coal  Measures  in  the  vicinity  of  Thomas,  Tucker 
County,  West  Virginia.  The  exposures  have  been  made 
by  the  mining  and  grading  operations  of  the  West  Vir- 
ginia Central  Eailroad,  and  there  the  section  reads  as  follows  (Fig.  94): 


Flo.M.-On  North 
Potomac  at  M»* 
pleSwampWa- 
ter  Tank,  West 
Virfrinia  Cen* 
teal  Kailroad. 


Near  Thomas^  Tacker  County ^  West  Virginia. 


1.  Coal,  Fppcr  Freeport . 


'\ 


Fio.  M.  — Near 
Thomas,  Tuoker 
County,  W.Va. 


iSee  map,  O  o.] 

CCoal 8' 

<  Bono  and  bony  coal  . .  2' 

^  (Coal 3' 

2.  Sandy  shales,  weatberin«  reddish 

SCoal 2"! 
Shide 4'> 
Coal ir'5 

4.  Concealed 

5.  Massive  pebbly  sandstone,  Freeport 

6.  Coal,  streak,  Uppt^r  Kittannin}( 

7.  Fire  clay  and  shales 

'Coal, good 1' 

SUte 0' 

Coal,  ffood r 

"(Siate C 

I  Coal,  good 3' 
Shale,  emy 1' 
Coal,  slaty 3' 

9.  Concealed 

10.  Massive  sandstone 

11.  Shales 

12.  Iron  ore,  bnhrstone 

13.  Limestone,  ferrift^roos 

14.  Shales  n lid  sandstone 

15.  CohI,  Clarion , 

16.  Shades 

17.  Sandstone,  top  of  No.  XII. 


&  Coa),  Middle  and  Lower 
Kittanuing...  . 


Total 


Ft. 


FL  in. 
8 

40 
1      6 

35 
11 


06 


3 

40 


273     6 
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Section  near  Moativille,  Barbour  County j  West  Virginia. — Near  Moat»- 
ville,  Barboar  Goantj,  West  Virginia,  on  the  Tygart's  Valley  River, 
the  following  section  of  the  Lower  Goal  MeasoreB  is  ex- 
posed (Fig.  95): 


Near  Moatsville,  Barbour  County y  We$t  Virginia, 


1.  Cotl,  XTpp«r  Freeport 

2.  Concealed,  and  aandy  sbalr « 


(See  map,  O  m.] 


3.  Coal,  Lower  Freeport. 


iSlfltv  coal  and  nUte    V  Q"  ] 
ShHle  aiHi  Are  clay..  4'  0"  I 
Cal    2'  Q") 
Dark  bony  clay (H  3" 
Coal V  Z") 


Fio.  05.— Section 
near  Moats- 
Tille,W.Va. 


4.  Concealed 

6.  SandnUme,  m— ire,  gray 

0.  Concealed 

7.  Dark  bine  shale 

&  Flaggy  sandstone  aod  conoealcd  — 
9.  Limestone,  gray,  Campbell's  Creek . . 

10.  Shales,  and  massire  sandstone 

cCoal.. 

11.  Coa],LowerKittanninK....<  Shales 

(Coal.. 

12.  Concealed 

13.  White  pebbly  sandstone,  top  of  No.  XIL 


Ft. 


20 
35 
35 
5 
10. 


FL  in, 

3 
50 


105 


1'  6" 
y  0" 
3/  0" 


':\ 


2 
20 


13      C 


Total . 


Section  near  Valley  FallSj  West  Virginia. — ^In  the  vicinity  Of  Valley 
Falls,  Taylor  County,  West  Virginia,  where  the  Chestnut  Bidge  anti- 
cline brings  the  series  above  water  level,  the  following  sncoession  is 
visible  (Fig.  96) : 


Valley  Falls,  Taylor  County,  WeH  Virg  nia. 


1.  Coal,  Upper  Freeport . 

2.  Conoesled  and  shales  . 


[See  map,  N  L] 


FL 


mi    5.  Coal,  Lower  Freeport. .  < 


.   yi"! 
.   0'  1"  \ 

.  0'  7"  ) 


Fio.  06.— Section 
near  Valley  Falls, 
W.Va. 


40 

8.  Sandstone ^ 15 

i.  Blneshales 4 

fCoal V    3" 

Slate,  gray 0'    6" 

Cosl 1'    3" 

.  Shale 2'  11" 

I  Coal,  bony  canncl.  O'    6" 

jShnle.giav 0'    8" 

tCoal '. 1'    3" 

6.  Dark  shales 

7.  Sandstone,  Freeport 

8.  Shales,  blue 

C  Cosl 

0.  Coal,  Upper  Eittanning  .  <  Shale,  jn^y 
C  Coal,  bony 

10.  Shales,  dark  grayish 

11.  Coal,  Middle  Kiltanning 

1 2.  ShaloM  and  flasgy  sandstone 

13.  Limestone,  siiiceons 

14.  SandMtone,  flaggy 

„*  16.  Shales,  containms  iron  ore  nodnles 

16.  Llroestone,  dark  bine,  Campbell's  Creek 

17.  Shales 

18.  Coal,  Lower  Kittanning 

19.  FirecUy 5 

20.  Sandstone,  flaggy o 

21.  Sandy  shiUes,  and  concealed „ 2u 

22.  Sandstone,  hard,  micaceous 13 

5 Coal..  0*  2" 
Shale.  0'  10" 
Coal..  O'    2" 

24.  Shales,  and  concealed , 

25.  Sandstone,  massive,  top  of  No.  XII, 


Ft. 

3 


7      4 


55 


S      t 


le 

1 


37 


8"  J 


1 

J" 

1 

25 


Total. 


258      3 


In  this  last  section,  and  also  in  the  preceding  one  (Fig.  95),  a  bed  of 
impure,  siliceous  limestone  occurs  in  the  shale  interval  above  the  Lower 
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Kittanning  ooal.  It  occapies  the  same  geological  horizon  as  the  thin, 
Bilioeoas  limestone  above  the  Campbell's  Creek  (Lower  Kiitanning) 
coal  on  the  Big  E^nawha  River,  and  hence  I  have  identified  it  with 
that  i<tratam. 

Section  near  Nuzum^s  Mill,  Marion  County,  West  Fir^nia.— Farther 
down  the  stream  (Tygart's  Valley  River)  the  following  structure  (Fig. 
97)  was  observed  on  the  right  bank,  below  Nuzum's  Mill,  Marion 
County,  West  Virginia: 


ar^  . 


tri 


Near  NuzunCa  Mill,  Marion  County,  Weit  Virginia. 


I  '-■'fei^^'^Hi 


9g 

45* 


[See  map,  N 1.] 


^o.  97.— Section  near 
Nnzam's  ICill,  Msrion 
County,  W.Vft. 


1. 
2. 
8. 
4. 
5. 
6. 
7. 
& 
9. 

la 

IL 
12. 
13. 
U 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


Coal,  Upper  Freeport 

Clay 2 

Sandstone 15 

Limeatone,  Upper  Freeport 8 

Shalea  and  concealed 13 

Sandstone,  coarae 10 

Shale^  eandy,  drab 15 

Coal,  Lower  Freeport 

Sbalesand  concealed 80 

Maaalve  sandstone,  Freeport 25 

Coal,  Upper  Kittanoine 

Shales,  dark,  sandy,  with  limy  beds 40 

Black  slate... 8 

Coal,  slaty.  Middle  Kittanning 

Shales  and  sandy  beds 

Coal.  Lower  Kittanning 

Fireclay 5 

SHndetone,  flaKfTY 5 

Dark  shales  with  iron  ore  nodalea 12 

Iron  ore,  Ferriferous  limestone  horizon 0 

gark  shales 5 

lack  slate 2 

Coal,  Clarion 

Fire  day,  sandy 8 

Dark  shales,  with  iron  ore  nnggets  near  middle 20 

Flaggy  sandstone 10 

Concealed  and  ooal  blossom.  Brook ville 

No.  XII,  conglomerate. 


Ft.  in.       Ft. 


.1 


68 

5 
55 

2 

43 

1 
20 
5 


0      1 
33 
6 


Total ^ « 261     8 


fe^^ 


Juafimmoan 


pMiMii 


» 


Section  under  ClarJcahurg,  West  Virginia. — From  the 
records  of  the  Despard  gas  well  boring,  at  Clarksburg, 
Harrison  County,  West  Virginia,  as  furnished  by  T.  M. 
Jackson,  civil  engineer,  we  get  the  structure  of  the 
Lower  Coal  Measures  there,  as  follows  (Fig.  98): 


Under  Clarksburg^  West  Virginia. 


Ft 


Wia.  9A.— Section 
irader  Clarkaborg, 
W.Va. 


[See  map,  O  k.] 

L  Upper  Freeport  ooal 

2.  Shales,  sandy    29 

8.  Sandstone,  white 7| 

4.  Shales  6^ 

5.  Sandstone,  white,  Freeport 72 

6.  Sandstone,  dark     ...     lOJ 

7.  Coal,  Middle  Kittanning 

8.  Shale  black 2n 

9.  Sand4lone,  frray 12> 

10.  Sandst'me,  white  16) 

11.  Coal,  with  slate.  Lower  Kittanning 

12.  SMndstone.  hard,  grav   *         4) 

13.  Sabdstone,  hard,  white 86  J 

14.  Shale 14) 

15.  Top  of  No.  Xn,  white  sandstone. 


FU 

absent 

124 

1 
49 

4 
54 


Total 232 


The  Lower  Kittanning  bed  is  here  more  than  1,000  feet  be^ow  the 
isammits  of  the  hills. 
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Section  under  Parkersburg^  West  Virginia. — At  Parkersbarg,  Wood 
County,  West  Virginia,  the  following  structure  (Fig,  99)  is  given  by  the 
record  of  the  Camden  Consolidated  Oil  Company's  drill 
hole,  on  the  authority  of  B.  A.  Cole,  superintendent: 

Under  Parkershwrgf  West  Virginia. 

[See  map,  N 1}  JPl 

1.  Upper  Freflport  ooal alweoi 

2.  ShalM,  gray  and  bUck 170 

3.  Coal,  Lower  KlUanuiiiK 7 

4  Shale«,£Tay « 

ft.  TopofKaXn. 


Total. 


273 

The  liower  Kittanning  bed  is  the  only  one  in  the  seri^ 
here,  but  it  has  a  good  thickness,  though  lying  1,100  feet 
below  the  bed  of  the  Ohio  River,  and  1,500  feet  under 
the  surface  of  the  hill  summits. 

Section  under  Wheeling^  West  Virginia. — 
Under  Wheeling,  West  Virginia,  where  the 
top  of  the  series  is  more  than  400  feet  below 
water  level,  the  record  of  the  Central  Glass 
Company's  drill  hole  for  gas  gives  the  foL 
lowing  structure  (Fig.  100) : 

Undmr  Wkeelingf  West  Virginia. 

[See  map.  K  J.]  FL 

1.  Cor],  Upper  Freeport— 559  feet  nnder  Pittsburg  coal  and  450  feet  ander 

Ohio  Kiver  level 7 

2.  Sandstoneand  shales 96 

3.  Coal,  Upper  KltUnninp 5 

4.  Shales  and  sandstone 112 

6.  Top  of  No.  XIL 


Fro.  OO.—Seotlon 
nnder  Parkers- 
bnrg,  W.Va. 


Total. 


2J0 


t^ 


^ 


fUf^  Flo.100.~Seeti«i 
^    nnderWheelins. 
W.Va.      ^^ 


Section  at  mouth  of  Little  Beaver ^  on  the 
Pennsylvania- Ohio  State  line. — At 
mouth  of  Little  Beaver,  on  the  Pennsyl 
vania-Ohio  Staie  line,  and  the  northern  point  of  the 
West  Virginia  "  Pan-Handle,"  the  structure  is  as  fol- 
lows (Fig.  101): 


Ohio  and  Pennsylvania  line,  mouik  of  Little  Beaver., 
[See  map,  6  J.] 


1.  Coal.  Upper  Freeport. 
'   Sandy  shales 


FL 


Fio.  101._Seotion  at 
month  of  Little 
Bearar. 


8.  Coal,  Lower  Freeport 

4.  Sandy  shales 

5,  Sandstone,  massive .* 

&  Sandv  shales 

7.  Coal,  Middle  Kittanning 

a  Fireclay 

9.  Shales,  containing  nodules  of  iron  ore 

10.  Coal,  Lower  Kittanning  .^ 

IL  Fireclay * 

12.  Sandy  shales  and  shaly  sandstone 60 

IS.  Limestone,  Ferriferous 

14.  Sandy  shsles 

15.  Bltnminoap  shale,  Clarion  coal * 

16.  Shales,  sandy 

17.  Massive  sandstone,  top  of  No.  XU. 


203 


FL  <a. 

3 
50 

2 

105 


SO 
2 


1 

5 
IS 


Total. 
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Section  near  Sprucevale^  Columbiana  County^  Ohio. — ^Northward  up 
the  Little  Beaver  the  colamn  of  rocks  is  very  much  the  same  as  at  the 
OhioBiver,  as  may  be  seen  from  the  following  section  (Fig.  102)  taken 
near  Sprucevale^  Golumbiana  County,  Ohio : 


Neasr  Spruoevale,  Columbiana  Cattnty,  Ohio. 


[See  map,  Gj.] 


Ft 


Fid.  102.~Seotloii 
near  Spruoevale, 
C  olnmbiana 
County,  Ohio. 


1.  Coal,  Upper  Freeport 

2,  Fireclay 

8.  Limestone,  Xfpper  Freeport 

4.  Shales,  and  ooDoealed 

b.  Coal,  Lower  Freeport • blossom 

6.  Concealed 

7.  Saodstone,  massive,  Freeport 

&  Coal,  Middle  Kittanning thin 

ft.  Concealed 

10.  Coal,  Lower  Eittanning 

IL  Fire  olay  and  shales 

12.  Limestone,  silioeons,  Upper  Ferriferous 

13.  Shalea^gray ^ 

14.  Shales,  dark 

IK  Ti»^f»n<.  <  Lower  Ferriferous  ..  ? 

16.  Limestone Jpatnamirill \ 

le.  Coaly  shales.  Clarion ,. 

17.  Fireclay 

18.  Concealed,  to  top  of  No.  XII 


40> 

10  5 


Ft, 
3 
2 
3 

60 

10 
75 

25 
2 

25 
5 

50 


Total. 


6 

6 

20 

291 


Here  we  get  the  beginning  of  an  important  feature  in  Ohio  Lower 
Coal  Measure  stratigraphy,  viz :  a  duplication  of  the  Ferriferous  lime- 
8tone«  The  lower  bed,  No.  15,  occupies  the  regular  horizon  of  the 
Pennsylvania  **  Ferriferous  ^  bed,  but  there  comes  in  above  it  here  a 
stratum,  No.  12,  of  siliceous  limestone,  not  seen  anywhere  in  Pennsyl- 
vania, but  becoming  the  ore-bearing  limestone  of  the  Ohio  series,  and 
known  as  the  ^^  Gray  ^  limestone,  the  ore  on  its  top  being  of  the  same 
character  as  the  Buhrstone  ore  of  Pennsylvania  and  apparently  identi- 
cal with  it. 

Prof.  Orton,  director  of  the  Ohio  Geological  Survey,  thinks  that  on 
entering  Ohio  the  Great  Ferriferous  limestone  of  Pennsylvania  splits 
into  two  portions,  the  upper  part  representing  the  "  Gray  ^  limestone 
and  the  lower  or  blue  portion  of  the  Ferriferous  representing  the 
^'  Putnam  Hill"  bed  of  Ohio.  This  seems  to  be  the  most  probable  view 
of  the  matter,  thougli  it  is  barely  possible  that  the  lower  or  Putnam 
Hill  stratum  is  an  entirely  new  deposit,  and  has  no  representative  in 
Pennsylvania,  or  tl^s  may  b«^  true  with  reference  to  the  upper  limestone, 
No.  12. 
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Section  between  New  Lisbon  and  Leetonia^  Ohio.— In  going  northwest- 
wltrd  from  Spracevale,  a  very  rapid  change  takes  place  in  the  lower 
X>ortion  of  the  column,  since  it  rapidly  contracts,  as  will  be  seen  from 
the  following  section  (Fig.  103),  made  in  the  vicinity  of  the  cement 
works,  between  New  Lisbon  and  Leetonia^  Ohio : 


Fio.  108.— Section  be- 
tween New  Lisbon 
and  Leetonia,  Ohio. 


Bekowm  New  Lishm  and  Leetonia,  Ohio, 

[See  map,  G  i.] 

1.  Coal,  Upper  Freeport  (not  seen) 

2.  Concealed 

8.  Sandstone - 

A.  Shales,  cbooolate 

5.  Coal,  Lower  Freeport 

e.  Fireclay ^ - 

7.  Limestone,  Lower  Freeport 

&  Concealed,  and  sandstone 

8.  Shales 

.*  r,    1  T          iriM...«.»     C Cannel elate....  6*    0"? 
10.  Coal, Lower Kittannins..^Q^ -,    (j/^J---. 

n.  Slate 

12.  Limestone  and  iron  ore,  Upper  Ferriferous 

18.  Concealed,  and  shales 

-     ,,,  - .     C  Lower  F«»rrlforous I 

li.  Limestone,  fosslliferons. .  J  putn^m  Hill i  "" 

15.  Goal,  Clarion - 

16.  Fireclay - 

17.  Interval  to  top  of  No.  XII 25 

Total • 


HL  ta. 


80. 
10  i 
10   » 


85   > 


50 

0    : 

4 
4 
SO 
5 
•     I 


3 
35 

196     e 


Section  near  ZanesviUe^  Ohio.— In  the  vicinity  of  Zanesville,  MTuskin- 
gum  County,  Ohio,  the  section  of  the  Lower  Coal  Measures  reads  as 
follows  (Pig.  104),  at  the  type  locality  of  the  Putnam  Hill  limestone 
(Vol.  V,  Ohio  Geology,  p.  96) : 

ZanesvilUf  MusJcingum  Caunty,  Ohio. 

[See  map,  K  e.] 
L  Coal,  Upper  Freeport 

2.  Fireclay 

3.  Limestone,  Upper  Freeport 

4.  Concealed 

6.  Coal,  Lower  Freeport 

0.  Fireclay 


4 
42 


Fio.  104.  ~  Section 
near  ZanesvUle, 
Ohiow 


«  > 

7.  Concealed ' ^  c 

8.  Sandstone,  Freeport - 20 

0.  Coal,  Middle  KIttannins 

10.  Fireclay •  J 

IL  Shales,  with  ore  nodnles... *- 18  5 

12.  Coal,  Lower  KltUnning 

18.  Fireclay 

14.  Limestone,  Upper  Ferriferous 

16,  Sandstone 

16.  Shales 

_  ^,       ^  C Lower Ferrlferons l 

17.  Limestone {  Putnam  Hill > 

18.  Shales,  dark 

19.  Coal ^^ 

20.  Fire  clay  and  dark  shales 

2L  Coal,  Clarion 

22.  Fire  day,  shales,  and  concealed,  to  base  of  Lower  Coal 

Measures 


■:l 


4 
24 

4 


IS 


Total. 
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iieetkm  near  Shaumee  and  McGunemlle^  OAio.— In  the  vicinity  of 
Shawnee  aud  McOuneville,  Perry  Ooanty,  Ohio,  these  beds  exhibit  the 
following  stmctore  (Fig.  105) : 


Vicinity  of  Shawnw  amd  McCunevUUy  Perry  County,  Ohio, 

[See  map,  M.  d.] 

Ft.  in, 
h  Coal,  ITpperl9Y«eport  (not  seen) • 

2.  Firedi^  and  shales  containing  *' Bachter*  ore IS 

3.  Limestone,  Upper  Freeport 2     • 

4.  Shales,  and  concealed *..» 26 

ft.  Coal,  Lower  Freeport 1     6 

«.  Clay,  with  iron  ore 10 

7.  Concealed,  and  shales ^  25 

rCoal 2'    O'M 

''Mother"  coal..  (K    4" 
Coal 4'    0" 

a  Coal.Middleiatt«ming  |£g,32?^-;^-:  ^   j; 

I  Slate C    1" 

ICoal 8'    0") 

9.  Clay,  with  oalcareons  ore 

10.  Concealed,  and  shales 20 

IL  Coal,  Lower  Kittanning 

12.  Clay ft 

18,  Fenlferons  ore  and  flint 1 

14.  Sandy  shales 40 

^  "»«t«.. {^SZlBm^fr.:::::.  ] ^ 

16.  Fiieday -....    10 

17.  Massive  sandstone,  top  of  Ko.  XTT.  — — 


10     8 


10 


Fio.  105.— Vicinity 
of  Shawnee  anil 
McCuneyille, 
Perry  Connty, 
Ohio. 


Total., 


178     8 


Section  near  Buchtel^  Ohio. — In  the  vicinity  of  Bnchtel,  at  the  line  of 
Hocking  and  Athens  Oonnties,  the  Lower  Goal  Measnres  exhibit  this 
stmctnre  (Fig.  106) : 

Hocking  Valley,  near  BndkUh  Athene  County,  Ohio. 

It    FL  in. 


Tw.  106.— Hock- 
ing Valley,  near 
Bach  telr  Athena 
C«anly,Olilo. 


*         (See  map,  IS  o.] 

fCoalfSlaty 1' 

Shale V 

ICoal 1' 

1.  Coal, Upper  Freeport..^  Shale O' 

[Coal V 

Shiae O' 

ICoal 1' 

2.  Fire  clay  and  shale 

8.  Limestone, Freeport 

4.  Concealed,  and  shales 

fCoal V 

ft.  CoaL  Lower  Freeport..  <  Slate 0' 

ipoal 1' 

8.  Concealed 


(Boneooal O' 
Coal 2f 
i.  *.^ow,iaiaai«iiarouimng.  gj^^— — ;-;  J,' 

Isiate.'III'III."."  O' 
ICoal 1' 


8L  Concealed 

9.  Coal,  Lower  Kittanning — 

10.  Concealed 

IL  Iron  ore 

12.  Limestone,  Ferriferous  — 
18.  ]  nterval  to  top  of  No.  XII . 

Total *  


ft     9 


^1 

ftS    60 

40j 


8     1 


6     1 


80 

1 
10 

1 

2 
40 

178    11 
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Section  an  Meekefs  Run^  near  NeUonville^  Ohio. — On  Meeker^s  Rod, 
near  Nelsonviile,  Athens  County,  Ohio,  the  stractnre  of  the  Lower 
Coal  Measures  is  thus  (Fig.  107)  given  by  Prof.  Orton  in  VoL  HI,  Ohio 
Geology,  page  926 :  * 

Or  Meeker'e  Buu^  near  NelwnviUe,  Athens  County,  OkUK 


[See  map,  N  c.] 


1.  Coal,  Upper  Freeport. 

2.  Fireclay 

3.  SbMlen    

4.  Bucbtelore 

6.  Shales 

0.  StraitsviUe  ore 

7. 
& 
t. 

la 
11. 

12. 
18. 
14. 
15. 
10. 
17. 

1& 
1ft 
10. 
21. 
22. 
28. 
24. 
26. 
28. 
27. 


FL  <a. 
4 
.      8 
5     9 

1     S 

6 

1 


1 

bSv"'---  ! 

M«- 

1* 

11114^- 

,,v 

lI-«- 

^ 

tiV.v  ;.■•-■.    .■ 

tSf 

InHMfflr^'' 

1^ 

Shawnee  or  Baff  llmoAtone  (Upper  Freeport) 2  C 

Saudstone 14  € 

Coal,  Lower  Freeport 1  9 

"•    *  4  6 


Lliiiestoiie.LowerFreeport..{g^-^i;-- ;j:j;;}  i 

Sandatone 12 

Coal,  Upper  Kittanning 3 

Fireclay - 1 

SandaUme 15 

Shale 


6 

4 

3     6 


Fio  107.— Section 
on  Meeker'8  Rno, 
Athens  Connty, 
Ohio. 


rv^,                                            <  Middle  Kittanning.  {  -   ,, 

^^*^ jNelsonrilleseam...} *   " 

Fireclay 3 

Shale 5 

Snowforkore o 

Sandstone 27 

Coal,Lower  Sattanning 2 

Fire  clay 4 

Shales 0 

Place  for  Bairdore 

Place  for  Gray  limestone  

Interval  to  No.  Xn  sandstone 38 

TotoJ 


185     1 


Sectionat  Panther  flt'K,  Scioto  County^  Ohio. — Farther  to  the  southwest, 
in  Panther  Hill,  near  Mt  Vernon  Furnace,  Scioto  County,  Ohio,  these 
rocks  are  given  as  follows  (Fig.  108)  in  Vol.  V,  Ohio  Geology,  p.  1038: 

Panther  Silly  Mt.  Vernon  Furnace,  Scioto  County,  Ohio. 


[See  map,  Q  a.] 


Ftet.     JW. 


Fio.lO.— Panther 
Hill,  Mu  Vernon 
Fnmace,  Scioto 
County,  Ohio. 


L  Coal,  blossom,  Upper  Freeport 

2.  Shale,  sandy 

8.  Concealed •. 15>     38 

SandHtone,  shaly 

Coal,  blossom,  Lower  Freeport 

Fireclay 

7.  Shale 

8.  Sandstone • 

9.  SUte   

,WlO.  Coal.  Middle  Kittanning 

11.  Shales,  with  iron  ore  <ludney) 

12.  Sandstone,  masslTe t 

(Coal blossom) 

13.  Coal,  Lower  Kittanning  <  Sandstone,  shaly  ...  7  > 
AST                                             (Coal    blossom) 

14.  Concealed .^ 

15.  Sandstone, white ej-     18 

16.  Shale 

,'\     17.  Iron  ore,  "Baird,"bahr8tone 

1  r°  18.  Llmesn>ne,  Ferriferous 6 

'^      Lft  Coal  bloesom 

20.  Sandstone,  white 8 

21.  Coal,  Clarion •. 

22.  Shale    18 

28.  Coal,  Brookvllle blossom 

24.  Sandstone,  top  of  No.  XTT. 


.in 

l\ 


l\ 


Total.. 


Jfa 
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l$ectwn  near  Ironton^  OAio.— From  {he  vicinity  of  Ironton,  Ohio,  Prof. 
Orton  reports  the  following  structure  (Fig.  109)  for  the  Lower  Coal 
Measures  (Vol.  Ill,  Ohio  Geology,  p.  928): 


IronUm,  Lawrence  County,  Ohio, 


mV 


Fig.  109.— Section  near 
Ironton,  Ohio. 


(Se«  map,  B  b.] 

FLin. 

1.  Coal,  Upper  Freeport '. 

2.  Fireclay 2 

8.  CoDeloinerate  and  aandstone 29 

4.  Little  yellow  kidney  or  Moxtitor  f amaoe  ore 1 

6.  Concealed - 2 

6.  Bufflimeetone 2 

7.  Shalee 23     « 

&  Yellow  kidney  ore  (Mozahala) l 

9.  Heavy  sand  rock  87 

10.  Coal  No.  0  (Sheridan  coal),  Middle  Kittanning 

IL  Fireclay 7. 8 

12.  Black  kidney  ore 1 

13.  Sandrock 24 

14.  Coal  No.  V  (New  Castle),  Lower  Kittanning 

15.  Fireclay 2 

16.  Sdndrock 28 

17.  Fireclay 0 

18.  Limestone  ore 

19.  Gray  limestone.  Ferriferous 

20.  Sand  rock,  Hearthstone  quarries 60 

21.  Conway  coal  No.  3,  C.(Brookville) 3 

22.  Fireclay 2 

23.  Top  of  No.  Xn,  sandstone. 


Ft.  in, 

4 


98 


6j 


:\ 


84 


i- 

1 
6 


3      6 


Total 244     6 


Section  in  southern  Ohio^  near  Ironton. — In  the  same 
region  of  Ironton,  but  at  a  different  locality,  the  writer 
found  the  following  structure  (Fig.  110): 

In  eoiUhem  OMOf  above  Ironton, 


I  See  map,  S  b.] 


JR. 


L  Coal,  Upper  Freeport.. 
2.  Shales  and  sandy  beds. 
8.  Coal,  Lower  Freeport.. 

4.  Massiye  sandstone 

6.  Shale 


FL  in. 

2 

60   . 

3 


6.  Coal,  Middle  EitUnning. 


(Coal 
Fireclay.. 
Coal 
Fireclay 2' I 
Coal 2'J 


II 


Fio.  110.— Section 
in  southern 
Ohio,  near  Iron- 


7.  Fireclay 

&  Sandstone,  msesiye. 

9.  Coal,  Lower  Kittanning 

10.  Shales  and  fire  clay  

11.  Limestone^  Ferriferous 

12.  Firti  day  and  shales 

13.  Coal,  Clarion 

14.  Shales,  and  concealed 

15.  Massive  sandstone,  top  of  No.  XII, 

Total 235     6 


*t} 

45 
7 

M 

45 

2 

6 

25 

5 

10 

1 

40 

This  section  differs  but  little  from  that  found  in  western  Pennsylva- 
nia. The  "Buhrstone'^  or  "Baird''  ore,  which  was  not  noted  in  this, 
is  present  in  other  sections  at  its  proper  horizon  on  top  of  No.  11.  The 
Putnam  Hill,  or  lower  division  of  the  Ferriferous  limestone,  seems  to 
have  disappeared,  either  by  coalescinjj  with  the  upper  one  or  failure  of 
deposition,  and  the  same  appears  to  be  true  of  the  Upper  Kittanning 
coal,  unless  it  is  to  be  found  in  the  upper  layers  of  the  complex  Middle 
Kittanning  No.  6,  which  is  not  improbable. 
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Section  at  Charlestons  West  Virginia. — As  we  leave  the  northwestern 
margin  oi*  the  Appalachian  field  in  soathem  Ohio,  an<)  pass  soatheast- 
ward  toward  the  other  or  eastern  side  of  the  same,  the 
Lower  Coal  Measures  thicken  up  quite  rapidly,  as  will 
be  seen  from  the  line  of  sections  which  will  now  he 
given  along  the  Great  Kanawha  Eiver.  The  following 
one  (Fig.  Ill),  from  the  mouth  of  Elk  Eiver,  at  Charles- 
ton, is  the  record  of  Edwards  gas  well  No.  3.  It  begins 
at  the  level  of  the  Upper  Freeport  coal,  and  the  record 
was  obtained  from  Mr.  W.  S.  Edwards,  the  superintend- 
ent of  the  gas  company : 

Under  Charle$tan,  Kanawha  County,  Weat  Virginia,  by  bore  hole  near 
mouth  of  Elk  Biver. 

[See  map,  S  t] 

1.  Coal,  Upper  Freeport 9 

2.  Shales  and  fOatea 65 

3.  Coal,  Lower  Freeport 1     C 

4.  Sandstone  and  shales 116 

6.  Coalalaty,  Upper  Eittannlng ..  >. 5 

6.  Shales  and  sandstone 233 

7.  Sandstone,  coarse,  with  gas  and  water 70 

8.  Coal,  Clarion 

0.  Shales  and  sandstone 00 

10.  Shales 30 

11.  Top  of  No.  XII,  white  sandstone. 


Total. 


573     6 


The  thickness  of  the  measures  is  here  about  three 
times  greater  than  in  the  Hocking  Valley,  100  miles 
north  from  Charleston.  Just  where  this  rapid  thicken- 
ing begins  has  not  yet  been  determined,  owing  to  the 
absence  of  reliable  borings  between  the  Hocking  Yallej 
and  Charleston,  but  it  is  probable  that  the  most  of  it 
comes  in  from  the  Ohio  River  southward  to  Charleston, 
since  the  borings  at  Pomeroy  and  Hartford  City  disclose 
no  unusual  thickness  of  the  Lower  Coal  Measures. 

The  identification  of  coal  No.  8  in  the  above  section  is 
open  to  question,  as  it  may  possibly  represent  the  Low^ 
Kittanning  bed. 

There  may  have  been  other  beds  of  coal  passed  through 
by  the  drill  in  the  well  from  which  this  section  is  taken, 
since  it  is  seldom  that  drillers  for  oU  and  gas  exercise  much  care  in  ex- 
amining the  drillings  for  coaL 


Fio.  n I.— Section 
nnder  Charles- 
ton, W.  Va. 
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Section  at  mouth  of  Lidk  Run,  near  OharlcsfoUj  West  Fir/;twia.— Near 
the  mouth  of  Lick  Ron,  2  miles  south  of  Charleston,  a  well  was 
bored  for  gas,  by  Mr  Hullngs,  aud  from  the  super- 
iutendent,  Colonel  Jordan,  I  obUiined  the  following 
record  (Fig.  112)  by  combining  it  with  the  70  odd 
feet  of  rocks  exposed  above  the  mouth  of  the  bor- 
ing: 

At  mintih  of  UcJc  Bun,  two  miles  ahove  Charlestoriy  Kanawha 
County,  West  Firginia, 


9i 


•51' 


14S 


idtf 


Jtsa.  lti.^kt  month 
of  LIek  Ron,  two 
milesaboveCharleo- 
ton,  W.Va. 


[See  map,  T  f.] 


F€«L 


L  Co«l,  Uppor  Freeport 

2.  Shales 

8.  Concealed 20  ^. 

4.  Sandstone,  maMire 26  j 

5.  Coal,  Lower  Freeport 

9,  Shales  and  concealed .' 

7.  Bine  slate 

IBlne.8nndstone,  hard. .  SI' ) 
Slate  and  saudHtune ...      6'  I 

Sandstone,  hard 78' >. 

Slate 21' 

Sandstone,  hard •Vl 


FSet. 
3 


M 

20  }. 
26j 

38  1 
27j 


8.  Slate,  bine 

10.  Sandstone 

12.  Sandstone,  white 

18.  Sandy  shale,  dark  bine 

14.  White  pebbly  sandstone,  top  of  No.  XIT. 
Total 


52 
8 

to 

245 

83 
50 
82 
15 
IM 


Colonel  Jordan  states  that  no  particular  search 
was  made  for  coal  here,  and  hence  several  beds  may 
have  been  passed  unnoticed.  It  is  also  possible  that 
the  top  of  No.  XII  is  placed  about  100  feet  too  low 
by  the  section  above,  since  the  ordinary  driller  fre- 
quently neglects  to  note  changes  in  the  character  of 
the  strata  through  which  the  drill  passes;  hence  it 
is  quite  probable  that  a  considerable  thickness  of  No. 
13,  which  the  drillers  called  "sandy  shale,''  may  have 
been  really  the  top  portion  of  the  No.  XII  series. 

The  Freeport  sandstone.  No.  8,  exhibits  an  unusual 
development  here,  and  it  is  possible  that  the  lowest 
division  included  in  No.  8  is  not  really  a  member  of 
this  stratum,  but  belongs  lower  in  the  series. 

No.  10  is  proba))ly  a  representative  of  the  Eittan* 
ning  sandstone. 
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Section  at  Diclcinson  salt  worlcSy  Kanaicha  County^  West  Virginia.^ 
In  the  vicinity  of  Maiden,  6  miles  above  Charleston,  the  rapid  rise  of 
the  strata  on  the  northwestern  8loi)e  of  the  Brownstown  anticlinal  has 
brought  nearly  all  of  the  Lower  Coal  Measures  to 
the  surface,  and  the  rest  of  the  column  is  supplied 
from  the  records  of  the  Edwards  gas  well  No.  2,  at 
the  Dickinson  salt  works.  The  combined  section 
reads  as  follows  (Fig.  113): 


h^'?M'^?¥^ 


Fio.  113.— Section  »t 
DickioBon  salt  workn, 
Kanawha  County,  W. 
Va. 

This  is  the  type 


I>ickinB<m  salt  works,  Kanawha  County,  W  ft  VtrginUu 


[See  map,  T  f.J 

L  Coal,  Upper  Freeport,  alaty 

2.  Shalea  . .r .V. •.. 

8.  San«lHtone,  m— ive 

4.  Shalea 

rConl.  slaty I' 


4{ 

15  > 


4 


6w  Coal,  Lower  Freeport. 


R<K;k C 

^Coal 1' 

)Shal« V 

ICoal,  slaty 1' 


5      6 


6.  Shales 

7.  SandstoDe.  massive 

8.  Sandy  shaleH,  with  iron  ore  nodules 

9.  Concealed 

10.  Sandstone,  massive 

iCoal,  slaty 0' 
Slate,  black 

12.  Fire  day,  sandy, 

13.  Concealed 

14.  Sandstone,  massive 


(Coal. 


0'  5") 
0*  11"  > 
2*    1"J 


3^   143 

20] 


IK   r!««i  5  Cedar  Grove. 

^^'  ^^^ {Middle 


130> 


lie  Kittanning 

IS.  Concealed,  and  shales , 

17.  Sandstone : 

18.  Sandy  shales , 

10.  Limestone,  siliceous,  Cam pbelPs  Creek 

20.  Shales  and  sandstone , 

fCoal V 


3     5 

167 
0      8 


15) 


iL  Coal,  Campbell's  Creok, 
Lower  Kittanning . . . 


22.  Shales 

23.  Sandstone,  massive 

24.  Concealed  in  bore  hole 

25.  Sandstone,  white 

26.  Sliales 

27.  White  sandstone,  top  of  No.  XIL 


0"l 

Shales 1'    2" 

Coal O'    4" 

Fire  clav  and  shales  1'  10" 

Coal  ancl  slate C    »' 

Coal V  10" 

Slate C    2" 

Coal 1'    8" 

Fire  olay  and  shales  T    0" 

Coal,  slaty C    8" 

Fireclay 1'    2" 

Coal 0*    8"! 


17     7 


85  i^ 


25 

^\  1S2 

38 

loj 


Total. 


641     2 


This  section  would  seem  to  confirm  the  statement 
made  in  connection  with  the  Lick  Run  boring,  vii, 
that  a  part  of  the  last  interval  given  there  should 
more  properly  be  credited  to  No.  XII,  the  next 
series  below  the  Lower  Coal  Measures. 

The  Campbell's  Creek,  or  Lower  Kittanning  coal, 
is  here  very  much  split  up  with  slate  and  shalee, 
but  on  the  Maiden  side  of  the  Kanawha  it  is  a  good 
bed,  from  which  4  to  G  feet  of  coal  is  obtained  with 
only  the  two  parting  slates, 
locality  of  the  Campbell's  Creek  limestone  No.  19. 
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Section  near  Broumsiovm^  West  Virginia, — ^In  the  vicinity  of  Browns- 
town  and  near  the  Burning  Spring,  9  miles  above  Charleston,  another 
gas  well  was  drilled  (Edwards  No.  1)  and  its  record 
combined  with  the  surface  exposures  in  that  vicinity 
gives  the  following  succession  (Fig.  114) : 


j-.^iJAy.is 


•«•««« 


UQ' 


Ad 


OTtf 


Near  Brawnstoumf  three  nUles  south  from  Maiden, 


[See  map,  T  t} 


1.  Coal,  Upper  Freeport,  slaty. 

2.  Concealed  . 


3.  SaDdetone,  massive,  frray. 

4.  ShalAB,  and  concealed... 


5.  Sandstone,  massive,  f^ray 

6.  Sandy  shales,  and  concealed 

7.  >and8tone,  gray,  mioaoeoos 

8.  Concealed - 

9.  Coal  (Cedar  Grove).  Middle  Kittannin;; . . . . 
10.  Concealed,  and  sandstone  • 

rLowerKit.)coal 

^  C«^-  j  CaX°bSu's[|^~*|«,^^^^^^^^ 

13.  Shales 

14.  Sandstone,  massive 

15.  Conoei|led 

16.  Coaly  shale 

17.  Fire  clay,  sandstone,  and  concealed 

18.  Coa),  Brownstown 

19.  Shales 1.. 

20.  Sandstone,  massive 

21.  Sandy  shales  and  flaff^y  sandstone 

22.  Limestone,  silioeooB,  Ferriferous 

28  Shiaes,sandy 

24.  Slate,  hlaok 

25.  Shales 

28.  Sandstone,  and  concealed • 

27.  Coal,  Clarion  (Eagle) 

28.  Sandistone 

29.  Slate,  gray 

80.  Sandstone,  gray 

81.  Slate,  daric  ^. 

82.  White  sandstone,  top  of  No.  Xn. 


..  2'  6") 
-.20'  0"> 
..  2'  4") 


FL  in 

Ft,  in. 
5 

10 

' 

05 

80 

40 

875 

25 

160 

15 

3  4 

100 

24  10 

8 

25 

5 

I 

74 

1 
40 

1 

2 

5 
80 
85 

] 

70 

1 

16         ) 

?  • 

23         J 


45     6 


40 
25 


Total... 


801     8 


The  only  part  of  this  series  dependent  on  the  bore 

hole  record  is  the  last  100  feet,  or  that  from  the 

Clarion  coal  down,  the  rest  of  it  all  being  exposed 

above  the  bed  of  the  Kanawha  in  the 

region  of  Brownstown. 

By  comparing  this  with  the  Charles- 
ton section  (Fig.  Ill)  it  will  be  seen 
that  the  whole  column  has  thickened 
southward  at  the  rate  of  about  25  feet 
to  the  mile.  It  will  also  be  observed 
that  with  this  thickening  a  new  coal, 
the  Brownstown,  makes  its  appear- 
ance in  the  series.  This  is  one  of  a 
local  group  of  two  or  three  coals  which 
appear  in  the  column  of  rocks  aroun<f 
the  southeastern  margin  of  the  coa* 
field  between  the  Lower  Kittanning  bed  and  the  Ferriferous  limestone, 
which  wou\d  seem  to  be  represen  ted  by  No.  22  of  the  section.  These  coals 
are  of  little  economic  importance,  as  they  are  usually  thin  and  slaty. 
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kciian  at  mouth  of  Armstrong  CreeJc,  on  the  Big  Kanawha  River j  West 
'^tnta.— At  the  mouth  of  Armstrong  Greek,  25  miles  soath  from 
irleuton,  the  whole  colomn  of  the  Lower  Coal  Measures  is  above 
water  level,  and  a  high  poiut  almost  vertically  above 
the  Kanawha  Biver  catches  the  top  members  of  the 
same,  so  that  here  a  very  fine  exposure  of  the  series 
gives  the  following  structure  (Fig.  115) : 

Mouth  of  Armstrong  Creek,  an  the  Big  Kanawha  Biver, 

[See IMP,  XJ g.]  FL    Fti^ 

1.  Goal.  Upper  Freeport - 3 

8.  SantUtune, and  coDoealed 170) 

8.  Sandstone,  manalve .' 60  [ 

4.  Concealed,  and  eandstoue 115>37S 


iiT 


5.  Limestone*  ailloeoat 

6.  SandsUme,  masaire,  sray 

rCoal e-i 

'•o- {Jfr-G'^rr"".'.'!':} S:-::-  S 

Icoal 4"j 

8.  Fireelay.and  concealed 6 

0.  Ssndstooe,  niassiye 20 

mt*  19.  Shales,  oonoealed,  and  sandstone 20 

U,  Concealed SO 

11  Sandstone  and  shales 20 

18.  Sandstmie.  massive 25  { 

14.  Shales,  and  oonoealed 20 

15.  Sandstone 25  | 

le.  Sandyahales lOJ 


2 
5i 


2    5 


1«5 


17.  Coal.  Lower  Eittan- 
nin^ 


i^ 


Qf    6") 


V    8" 


1 


0" 
0" 
0" 
5" 


Coal 

Slate V 

Coal 0' 

Sandy  shales 12' 

Coal."Peeries9" V 

Shales,  blnish 15^ 

I  Coal,  sulphnrons O' 

Isiate V 

Coal 0*    o- 

Coal.spllnt O'll" 

P*rfing O'    i" 

Coal O'    7" 

Slate 0'    i" 

ICoal ^ y  10"^ 

18.  Fireclay - 

19.  Sandstone  and  shales 

fCoal 1'    0"l 

Shale 2f    9" 

Coal CIO" 

Shales    and 
sandstone  ..16'   O'' 

,Coal 1'    2", 

2L  Concealed,  and  sandy  shales 40 

22.  Limestone,  siliceous,  Ferriferous 

23.  Shales 

Coal O'    8" 

Shales 1'    4" 

Coal,slaty  ...  0*    0" 
Shales,  sandy. 20^    0" 

Coal O'    V 

Shales 0'    8" 

ICoal 2*  10" 

25.  Shales  and  sandy  beds 

20.  Coal  Little  Easle 

27.  Fire  clay  and  shales 6 

28.  Sandstone,  massire 

20.  8hale8,sandv 

80.  Limestone,  foss^llferons.  Eagle  . 


5 
35 


,  Coal,  Browns- 
town 


20    8 


10  5 


51 


24.  Coal.  Clarion 
(Kagle) 


28    2 


20 

1 


40> 


66 


M 


8L  Park  shales,  fossil iferoos 

82.  Shales,  sandstones,  and  concealed 75 

83.  Bitnminoos  shale 2 

34.  Shales 90) 

35.  Limestone, siliceons iSlSl 

86.  Shales,  sandstune,  and  conc4>aIed 100  ) 

87.  Sandstone,  massiTe,  top  of  Ko.  Xn. 


Total.. 


1,006    7 


II 5. —Section  at  month  of  Armstrong 
Creek, en  the  Big  Kunanha  Eiver. 
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Here  both  the  Lower  Kittanniag  and  the  Clarion  coals  show  in  their 
structure  the  effect  of  the  general  thickening  up  of  the  whole  colamn 
of  rocks.  Three  miles  north  from  this,  the  Clarion  or  Eagle  coal  is  a 
good  bed,  which,  with  its  partings  of  slate,  is  only  4^  feet  thick,  but  the 
Xmrtings  gradually  thicken  and  new  ones  come  in  till  the  structure 
shown  in  No.  24  is  obtained.    . 

A  small  coal  which  has  been  termed  the  Little  Eagle  comes  into  the 
section  in  this  region,  and  seems  to  have  a  wide  distribution  around 
the  southern  margin  of  the  coal  field.  It  is  a  very  pure  coal  and  may 
be  a  lower  member  of  the  Clarion  bed. 

The  Eagle  limestone.  No.* 30,  was  named  from  a  mining  village  3 
miles  below  the  locality  of  this  section,  where  it  is  finely  ezix>sed  in  the 
cuts  of  the  Chesapeake  and  Ohio  Railroad.  It  and  the  shales  below  it 
are  crowded  with  the  Lower  Coal  Measures  fossils,  the  general  facies  of 
the  fauna  being  very  similar  to  that  found  in  connection  with  the  Fer- 
riferous limestone  in  western  Pennsylvania,  but  the  general  section  for- 
bids the  supposition  that  it  is  identical  with  the  latter.  At  one  time  I 
entertained  the  idea  that  it  might  be  the  reprebentative  of  the  Putnam 
Hill  limestone,  of  Ohio,  but  a  closer  study  of  the  Ohio  section  renders 
that  hypothesis  untenable,  since  the  Putnam  Hill  bed  belongs  above 
the  Clarion  coal  and  not  below,  as  does  the  Eagle  limestone. 

No.  33  is  a  very  bituminous  shale,  since  lubricating  oil  was  once 
manufactured  therefrom,  and  it  may  possibly  represent  the  Brookville 
coal  of  Pennsylvania. 

A  comparison  of  this  section  with  those  on  the  other  side  of  the  Ap- 
palachian basin  at  Bnchtel  (106)  and  Shawnee  (105)  will  show  the 
wonderful  expansion  of  these  beds  from  175  feet  at  the  latter  localities 
to  a  thickness  of  more  than  1,000  feet  at  Armstrong's  Creek,  and  the 
same  thing  is  shown  graphically  in  map.  Section  C.  That  such  a  great 
expansion  of  these  measures  should  show  only  the  same  number  of 
workable  coal  beds  as  the  section  at  Shawnee  was  hardly  to  be  expected, 
but  it  is  true  beyond  question.  The  coal  beds  themselves  give  evidence 
of  this  great  expansion  of  the  general  column  in  the  slates  and  other 
impurities  with  which  they  are  interstratified. 

The  interval  (165  feet)  which  here  separates  the  Middle  and  Lower 
Kittanning  coal  beds  appears  excessive,  since  it  is  only  100  feet  a  few 
miles  below,  but  there  can  be  very  little  doubt  of  the  figures  given,  and 
as  there  are  no  coal  beds  between  Nos.  7  and  17,  it  is  evident  that  No. 
7  mast  be  the  Middle  Kittanning. 

The  top  member  of  the  Pottsville  conglomerate  is  in  the  bed  of  the 
Kauawha,  where  the  section  shown  in  Fig.  115  ends* 
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Section  at  Ouyandotte  Mountain^  Raleigh  County^  West  Virgini4ik.^ 
That  the  Lower  Coal  Measares  keep  their  greatly  expanded  measare- 
ment  on  south  westward  from  the  Kana^iha  River  is  shown  by  the  fol- 
lowing sectfon  (Fig.  116)  made  by  Captain  Miller,  chief  engineer  of  the 
Trans-Flat-Top  Land  Association.  It  begins  at  the  summit  of  Gny- 
audotte  Mountain,  Baleigh  County,  West  Virginia, 
and  was  measured  along  the  turnpike  eastward  to  the 
foot  of  the  mountain : 

GuyandoUe  Mountain,  Baleigh  County,  West  Virginia. 


[Sm  map.  W  g.] 


FLin.     Ft.i». 


1.  Tipper  Freeportooal  (absent). 

2.  MjMsive  sandatone 

8.  Shales 

4.  Coal,  Lower  Freeport. 

a.  Shale 


iCoal 3'  10" 
SUte 
Goal 


3'  10"  > 
C    1"  >  . 


6"! 

2"  I 

3"  I 

2"S. 

8'' 

l"l 

I") 


^ 


(Coal 2' 

(Shale 12* 

Coal 1' 

6.  Coal,  Winnifrede {Slate O' 

Coal 2' 

Slate C 

,Coal C 

7.  SaDdstone,  hard,  irray 28 

8.  Shale    7 _ 81 

0.  Sandstone 8 

10.  Shale 14 

11.  Sandstone,  hard,  grav 53 

12.  Shale 32 

13.  Sandstone,  shaly 24 

14.  Shale,  yellowish 7 

'Coal C  7  ") 

Slate CI" 

.Coal V  9" 

15.  Coal,  Lower  Kittanning^  Slate 0'  Oi"  S 

^Coal I'l" 

Slate.. ^  4  " 

Coal 1'  14". 

16.  Sandatone,  soft,  yellow 19 

17.  Coal 0 

la  Fireclay 1 

10.  Shales,  yellowish 3« 

20.  Coal  Browns-^  ^?^^-:«;j;;  J 

^"^^ (Coal 1'1"$ 

21.  Fireclay 0 

22.  San«iBtone,  soft,  yellow 15 

23.  Sandstone,  hard,  sray 22 

24.  Sandstone. soft,  yellow,mioaceotis  21 

25.  Shales,  yellowish 67 

26.  Coal      0 

27.  Fireclav 1 

28.  Slate,  blaek 16 

29.  Sandstone,  soft,  yellow 9S 

30.  Shales,  yeUow 39 

'Coal 1'3"' 

Slate 4'0" 

Fireclay..  2' 0" 

Coal Vl" 

Clay 0^3" 

Coai CO" 

Clav 0*2" 

Coal OT' 

Clay ro" 

tCoal OT', 

82.  Sandstone,  hard,- fo^y 18 

33.  Sandstone,  soft,  yellow 33 

34.  Coal,  Little  Eagle 

35.  Fireclay 1 

86.  Shales,  sandy,  yellow 46 

37.  Sandstone,  soft,  vellow 70 

88w  Shales,  sandy,  yellowish 58 

89.  Sandstone,  flagtry 7 

40.  Shales,  yellow 26 

41.  Pebbly  sandstone,  top  of  No.  XIL 


8L  Coal.Bagle  j 
(Clarion)."^ 


►Zflfl* 


Fio.  116.— Section  at  Gnyandotte  Hoantain, 
Raleigh  County,  W.  Va. 


Total.. 
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15 
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S    2 
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It  is  possible  that  tbe  horizon  of  the  Upper  Freeport  coal  should  have 
been  placed  higher  than  the  section  shows,  since  the  coal  is  not  present. 
and  the  place  given  it  is  only  a  snrmise. 

Section  near  Oceana^  Wyoming  County^  West  Virginia, — In  the  vicinity 
of  Oceana,  Wyoming  County,  West  Virginia,  and  the  neighboring  re- 
gion, the  Lower  Goal  Measures  present  the  following 
structure  (Fig.  117): 


i\\\y.yy,- 


wS 


wmm 


\\y 


Wyoming  Ccwity,  West  Virginia, 


[See  map,  W  t] 
Been) 


FL  in. 


aV 


8.  Coal,  Lower  Freeport . 


'•V 


1" 
1") 


ISft* 


1.  upper  Freeport  coa](not 

2.  Sandatone,  and  concealed  

fCoal (K 

Shale 0*    4' 

.{Coal C  10" 

Bony  coal C    4' 

ICoal r 

4.  Sandstone,  and  concealed     

5.  Cannel  slate  mixed  with  ooal,  Upper  Kittanninj;; 

6.  Concealed , 

7.  Sandstone,  massiye ^ 

iCoal 1' 
Shale 
Coal.                                       , 
Shales  and  sandstone 20 

i  Coal  good 2f    6"  "I 
Shale,  gray C    ^"\ 
Coal 0*    di"}      4     7 
Shale,gray CIO" 
Coal V    9"  ) 

0.  Concealed,  and  sandstone 20 

10.  Coal 0     0 

IL  Fire  clay  and  shales 6 

12.  Sandstone,  massive 50 


8.  Coal,  Middle  Kit- 


V    6"  ) 

C    6"  > 
0'    8"  > 


2     71 


•nt 


13. 


Shales,  dark,  slaty  . 
rCottl. 


14.  Coal,  Lower 
Eittan- 
Bing 


1' 

10' 

1' 


10 


Slate. 
Coal.. 
Slate. 
,    dark.   C    6" 
"^Coal..    1'    2" 
■    Slate  -    0*    A" 
Coal..    4'    0" 
Slate.    S'    V 
I  Coal..   C  10"  j 

15.  Massive  sandstone 100 

16.  Concealed 40 

17.  Shalee 20 

fCoal...  V  7" 

Slate..  V  A" 
Coal...  (y  2" 

laCoalBrowns-    ^jf;;j;j;; 

^^^ I  Slate..  ^4" 

Coal...  0'  6" 
I  Slate.-  1'  8" 
ICoal...  1'  0" 
10.  Sandstone,  and  concealed 

20.  Coal  Eagle  Jl^J»f, 

(Clarion). .^glf^V 

21.  Concealed,  and  shales 

22.  Coal  Little  £Hf;le 

28.  Shales  and  sandstones. ... 76 

24.  Shales,  gray,  with  fossil  plants     5 

25.  Coal 

2&  Concealed,and  shales  and  sand- 
stone  

27.  Coal  blossom 

28.  Shales 

S9.  Massive  sandstones,  top  of 

No.  XIL 


It  in. 
100 

a    8 


156 
3 
2 
70 


27     2 


85     9 


24     0 


180 


7     7 


. .  8'  4"  ) 
..  O'  4"} 
..  2'  0"> 


Total. 


70 

5 

65 
2 

80 

1 

100 
30 


903      8 


10 


Fig.  117.— Section  near  Oceana,  Wyoming 
County,  W.  Va. 
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No.  20  is  known  as  the  ^^  coking  ooal "  in  the  Wyoming  region,  since 
It  has  the  typical  stractare  of  sneh  coal,  and  looks  very  much  like  tbe 
same  (Eagle)  bed  on  the  E^anawha. 

The  Little  Eagle  bed  No.  22  is  also  very  good  coal  here,  and  its  in- 
terval below  the  main  seam  has  increased  from  20  to  65  feet. 
Section  at  mouth  of  Blaine  Oreekj  Lawrence  County^  Kentucky. — Id 
passing  southward  np  the  Big  Sandy  River,  at  tbe 
soathwestem  line  of  West  Virginia,  the  Lower  Coal 
Measures  thicken  np  at  about  the  same  rate  as  the? 
do  along  the  Kanawha,  as  will  be  seen  from  the  follow- 
ing sections.  The  first  one  (Fig.  118)  is  from  a  sur- 
face measurement,  combined  with  the  record  of  Big- 
don  gas  well  No.  2,  at  the  mouth  of  Blaine  Creek,  20 
miles  above  the  mouth  of  the  Big  Sandy  River,  and 
reads  as  follows : 


ttif 


Mimik  of  Blaine  Creek,  twenty  milee  above  mouth  of  Big  Samd§ 
Btver,  Kemiuekjf, 


rSeemap,  Tb.1 


^e§L        FktL 


/:  Id 


w&fi 


Fio.  118.— Section  at 
mouth  of  Blaine 
Creek,  Ky. 


L  Coal  and  black  slate,  Upper  Freeport 

2.  Sandatone 90 

t.  Slate,  black 50 

4.  Coal,  Lower  Freeport 

5.  Fireclay 7 

A.  Sandatone,  irhite 45 

7.  Sandstone,  dark  fcray 10 

8.  Sandstone,  white 10 

0.  SUte.  black 15 

10.  Sandstone,  dark 25 

IL  Slate,  bUck 10  J 

la.  Coal,  Middle  Kittanning 

18.  Slate V 

14.  Sandstone,  gray 6 

15.  81ate,black 24 

16.  Sandstone,  gray 25 

17«  Coal,  Lower  Klttanning 

18.  Fireclay 8  1 

10.  Sandstone,  gray 70  | 

20.  SUte,gray 00  \ 

2L  Sandstone,  gray ' 25  I 

22.  Slate,  black 60  ) 

28.  Sandstone,  white,  top  of  No.  XII. 


IS 


Total. 


21s 


sn 


For  the  carefuUj^  kept  record  of  this  boring  I  am  indebted  to  Mr. 
F.  H.  Oliphant,  now  the  chief  geologist  of  the  South  Penn  Oil  Com- 
pany. 
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Section  near  Old  Peach  Orchard^  Lawrence  County^  KentucJcy, — In  the 
vicinity  of  Old  Peach   Orchard,  oa   the  Louisa   fork  of  Big  Sandy 
Biver,  Kentucky,  the  surface  measurements,  com- 
bined with  the  records  of  oil  and  gas  borings  near  by, 
give  the  following  structure  (Fig.  119) : 


2rf 


Near  Fmch  Orchardy  Kentucky, 
[See  map,  V  b.J 


Ft,  in.      Ft  in. 


1^ 


Mmil 


1.  Fpper  Freeporfc  coal  (absent) 

2.  Sandyshales 20 

8.  SandBtODP  and  sandy  beds ^ 80 

(Lower  Freeport.  or  (Coal 0'  10') 

4.  Coal-..<     Winnifrede,  Peach  <  Shale (F  10">.... 

(    Orchard  bed  ......  CCoal 2'    4") 

5.  Pireolay,  siliceoas 2 

6.  Sandyshales  , 35 

7.  Massive  sandstene  and  shaly  mlcaceoas  beds 75 

8.  Blue  sandy  shales 25 

(Cannel 1'    0"  i 

9.  Coal,  FpperKittanning<niay      0'    6">.... 

iCoal,  slaty V    0") 

10.  Shale  and  sandstone 10 

11.  Coal   0 

12.  Sandy  shale,  blue 8 

13.  Limestone 2 

14.  Sandstone,  shaly 12 

(Coal V    6") 

16.  Coal ^Sbale 1'    6">   ... 

(Coal O'    8"> 

16.  Conceited,  and  shaly  sandstone 9 

17.  Black  slate         4 

18.  Coal,  splint,  Middle  Kittanning 

19.  Concealed        10 

20.  Hard  sandstone 70 

21.  Bine  rthale 2 

22.  O  al,  Lower  Kittanning 

28.  Shales  and  fire  clay 10 

24.  Sandy  shale 15 

26.  Black  shales 115 

26.  Sandstone : 4 

27.  Dark  shale 110 

2&  White  saudHtone,  top  of  No.  XII. 


100 


*1 
>,137     4 


J 


2     6 


32     4 


2     8 


13 

1 


254 


Total 634    10 


The  place  of  the  Upper  Freeport  coal  here  is  deter- 
mined with  comparative  certainty  by  the  massive  Ma- 
honing sandstones,  which  come  in  above  No.  1,  and 
also  by  the  occurrence  of  the  Mahoning  coal,  with  its 
characteristic  structure,  at  235  feet  above  the  Peach 
Orchard  bed,  and  135  feet  above  where  the  horizon  of 
the  Upper  Freeport  has  been  placed. 

No.  15  is  very  probably  a  "  split  ^  from  the  Middle 
Kittanning  bed,  No.  18,  and  should  be  regarded  as 
a  part  of  the  latter. 

The  Lower  Kittanning  bed,  No.  22,  is  given  as  re- 
ported from  a  bore  hole  at ''  Old"  Peach  Orchard,  by 
Prof.  Shumard,  who  examined  the  drillings  at  the 
time  the  boring  was  made,  and  the  rest  of  the  section 
'^o'ld^'p^e^aoh*  ot^  bclow  this  is  from  a  deep  boring  made  for  gas.  about 
obATd,  Ky.               ^  miles  distant,  the  record  of  which  was  obtained  from 
Mr.  F.  H.  Oliphant,  the  civil  engineer  under  whose  8uperintendeu(5e 
the  deep  well  was  bored. 
Bull  65 10 
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There  has  been  much  variance  of  opinion  among  geologists  who  have 
examined  the  Peach  Orchard  coal  bed  as  to  its  horizon  in  the  series, 
some  placing  it  as  far  down  in  the  colnmn  as  the  Clarion  coal,  bat  this  sec- 
tion shows  that  it  is  either  the  Lower  Freeport  coal  of  the  Pennsylvania 
column  or  else  one  that  is  probably  a  ^^ split"  from  the 
latter,  viz,  the  Winnifrede  bed  of  the  Kanawha  series. 
Sw^tkm  near  Warfieldy  Kentudky. — In  the  vicinity  of 
Warfleld,  Kentncky,  opposite  the  line  of  Logan  Ooonty, 
West  Virginia,  and  60  miles  above  the  month  of  the  Big 
Sandy,  the  following  strnctare  (Fig.  120)  is  obtained  by 
combining  the  surface  observations  with  the  records  of 
of  the  Warfield  gas  wells : 

Warfield,  KenUuik^,  on  Tug  Fork  of  Big  Saniy  Biver. 


W^^ 


$^»^i< 


(See  map,  V  b.) 


L  Upper  Freeport  eoal  (not  seen) 


It  itu        JL  ^ 


aeeiYe  aandilone.  Mid  ooDoealed  . 
Coftl. 


8.  Coal«  Winniikvde. 


j;; 


15 

4 
80 


4»» 


C 

8eDdyflha)os...lO' 

Fireclay 3* 

Coalepiint 1' 

CUy V 

Coal^tpliiit 1' 

CUy C 

(Coal C 

4.  CoBoealed,  and  eandatone 

6.  Limeaione,  aUiceona 

6.  8balea,aaiidatone,aDdeonoealed. 

7.  Coal  oaoDel,  Upper  Kittanning 

8.  SRudstone,  and  eonoealed * 30 

0.  LLmeatone, alUoeoua I 

10.  Sandatone,  and  concealed 3D 

IL  Coal,  bloasom.  Middle  Kittanning 

13.  Concealed,  and  aandatone 

18.  Limeatone,  ailiceous 

14.  SandatottcmaaalTe 20 

15.  Shale 0     8 

10.  Coal 0     4 

17.  Sandatone  and  ahalea 40 

18.  Sandstone,  maaaive 10 

iCoal V    4"> 
Shale O'  10"S 
Coal 4'    0"> 

20.  Concealed,  and  aandatone 

2L  Limestone,  ailloeona 

32.  Shales  and  aandstonea  to  top  of  Ko.  XH 


15     • 


3 

a 


70     T 


8     ) 


45 

3 


Total. 


787     i 


Some  have  supposed  that  No.  3  of  this  last  section  is 
identical  with  the  Peach  Orchard  bed,  bnt  it  seems  to 
occupy  a  horizon  a  few  feet  below  the  latter,  and  I  have 
therefore  referred  it  to  the  Winnifrede  bed 
of  the  Kanawha  colnmn. 

No.  19,  which  is  locally  known  as  the 
<<  Warfield  "  coal,  is  the  same  one  as  No.  22 
of  Section  119,  and  the  representative  of  the 
Lower  Kittannin^i:  bed. 

The  ^< siliceous"  limestones,  Nos.  13  sod 
21,  may  possibly  represent  the  CampbelFs 
Creek  and  Ferriferous  beds  respectively. 


Fl«.  130.— Section  at  Warfield,  Ky., 
on  Tug  Fork  of  Big  Sandy  River. 
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Section  on  Tutj  Fork  of  Big  Sandy  River,  Logan  County ,  West  Virginia. — 
Kear  the  tnoath  of  Kdox  Greek,  at  the  southern  edge  of  Logan  County, 
50  miles  by  the  river  above  Warfleld,  the  following  section 
(Fig.  121)  was  constructed  on  the  West  Virginia  side  of 
Tug  River,  by  adding  to  the  upper  portion  of  the  section 
^1        there  the  part  which  has  been  removed  by  erosion: 

Tug  Fork  of  Big  Sandg  Biver,  near  nun/th  of  Knox  Creek,  southern  edge 
of  Logan  County,  West  Firgiuia, 


sp.^5s€ 


i. 


mm^ 


^mu 


(SeemapfW  d.l 


Ft. 


L  Upper  Freeport  ooal  (abaent) 

2.  Shaleaand  wndstone 

t.  Coal,  Lower  Freeport 

4.  Shales  and  mMslve  Mmdstone 

5.  Coal,  Lower  Klttannixifc,  large  blossom  . 

6.  Saodstone,  maaaiye 

7.  Shales,  aaodatone,  and  ooncealed 

&  Coal,  Bagle,  large  bloasom 

9.  Shales  and  sandstone 

10.  Coal,  blossom.  Little  Eagle 

11.  Conoealed 

)2.  Sandstone,  flaggy 

18.  Conoealed 

14.  Sandstone, gray.... 


:h^ 


FL 
100 

800 
6 
40 

180 
5 

2 


140 

1 

76 

I 

8ft 


no.  121.— Section  on  Tajr  Fork  of  Big 
Sandy  Birer.near  montb  of  Knox 
Creek,  soathern  edge  of  Logan  Coon* 
ty,W.Va. 


15.  Shales,  soft,  gray 50 

1ft. '  Limestone,  bine,  impure  (Eagle f) 

17.  Shales,  dark  bine 50 

18.  Sandstoife 13 

10.  Conoealed 12 

20.  Coal 

31.  Shales  and  flaggy  sandstone 25 

22.  Slates,  dark 15 

23.  Concealed,  aandstone,  and  concealed    45 

24b  Massive  coarse  sandstone,  top  of  Ko.  XIL 

Total : 


CHABAGTEBISTIO  HORIZONS. 
THE  UPPER  FRBEPOBT  COAL. 

As  may  be  seen  by  thesections  just  given, 
a  very  important  coal  bed  comes  at  the 
snmmitof  the  Lower  Coal  Measures  column, 
and  marks  the  latter  off  from  the  Barrens 
above.  This  coal,  which  was  named  the 
Upper  Freeport  coal  by  Sogers,  has  a  very 
wide  distribution  in  the  Appalachian  field 
and  is  the  source  of  much  valuable  coal 
and  coke.  The  coal  is  not  entirely  persist- 
ent, however,  being  frequently  too  thin  to 
mine,  and  from  large  areas  it  is  absent  en* 
tirely,  though  its  horizon  in  the  measures 


cau  then  still  be  determined,  aud  generally  without  much  difficulty. 

enusylvunia  tha 
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in  either  of  the  other  two  States  (Ohio  aud  West  Virginia),  but  evKi 
there  it  is  not  always  found  in  workable  condition,  being  thin  or  want- 
ing in  some  portions  of  nearly  every  county  where  its  outcrop  extends. 

One  of  the  main  features  which  characterizes  this  bed  is  its  complex- 
ity, since  it  is  always  separated  into  two  or  more  benches  by  divisions 
of  slate.  This  complexity  of  structure  is  illustrated  at  the  type  loeslity 
(Section  06),  and  so  far  as  the  writer  knows  it  is  never  entirely  absent 
anywhere  in  the  Appalachian  field,  whenever  the  bed  is  thick  enough 
to  mine.  These  parting  slates  vary  in  both  number  and  thickness  in 
different  regions,  so  that  there  is  nothing  characteristic  about  them  over 
the  whole  held,  but  yet  in  any  particular  district  or  coal  basin  their 
number  and  position  in  the  bed  are  quite  regular. 

Another  peculiarity  of  the  coal  is  that  it  nearly  always  coke«  well 
whenever  attaining  anything  like  its  normal  thickness  and  hence  in 
several  regions  is  locally  known  as  the  ^* coking  vein."  There  are  many 
districts  where  this  bed  will  produce  coke  but  little  if  any  inferior  to 
that  of  the  Pittsburgh,  in  the  famous  Connellsville  basin,  and  when  the 
latter  is  exhausted  the  next  source  of  supply  to  the  Pittsburgh  and 
Pennsylvania  region  generally  must  come  largely  from  this  horizon. 
Still  another  feature  of  this  coal  is  its  tenderness,  and  by  this  it  can 
often  be  distinguished  from  the  very  hard  Mahoning  coal  next  above 
(which  often  rivals  this  bed  in  size),  since  as  a  rule  the-  coal  from  the 
Upper  Freeport  horizon  does  not  bear  much  handling  without  breaking 
up  most  of  the  lumps,  although  they  often  come  out  of  the  mine  witli 
large  size.  This  is  true  of  the  bed  everywhere  in  Pennsylvania  and 
West  Virginia  (except  in  the  southwestern  part  of  the  latter  State,  where 
it  is  often  a  splint  coal),  aud  Prof.  Orton  reports  the  same  thing  as  char- 
acterizing it  all  over  the  Ohio  field. 

There  is  frequently  a  layer  of  impure  cannel  or  highly  bituminous  slate 
in  the  roof  of  this  coal,  and  in  the  Great  Kanawha  region  a  fine  deposit 
of  cannel  coal  occurs  at  this  horizon.  This  is  true  of  the  Cannelton 
locality,  but  whether  any  of  the  cannel  deposits  on  Coal  Eiver,  south 
from  the  Elanawha,  belong  at  this  same  geological  level  is  as  yet  unde- 
termined, since  the  latter  have  not  been  sufficiently  studied,  though  tbe 
flora  would  indicate  that  the  Peytona  depos^it  belongs  at  the'  horizon 
of  the  Upper  Kittanning  coal. 

The  several  sections  that  have  already  been  given  (Nos.  50-121),  in- 
dicate the  structure  of  the  Upper  Freeport  bed  in  many  regions,  bni 
there  remain  others  where  it  is  equally  important,  and  some  of  these 
will  now  be  given. 

Section  at McOoy  shafts  near  Oallitzin^  Cambria  County^  Pennsylvania.-- 
Some  large  coke  plants  have  recently  been  put  into  operation  on  this 
bed  along  the  line  of  the  Pennsylvania  Railroad  and  its  branches  on 
the  summit  of  the  Alleghany  Mountains  in  Cambria  and  Clear&tf 
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Counties.    At  the  McCoy  shaft,  near  Gallitzin,  the  coal  has  the  follow- 
ing structure,  according  to  the  superimeudent's  statement: 

Ft    in. 

Black  slate  and  bone  coal 0  8^ 

Coal 4  0 

Slate,  gray 0  2 

Coal 1  0 

.     Slate  0  3 

Coal 0  4 


Ft   in. 
6      5 


Ft 
5 


in. 
8 


Section  near  eautern  end  of  old  Portage  Railroad  tunnel,  at  Gallitzinj 
Pennsylvania, — Near  the  eastern  end  of  the  old  Portage  Railroad  tun- 
nel^ at  Gallitzin,  the  coal  is  well  exposed,  and  there  shows  as  .follows : 

Ft  in. 

Coal 0      4^ 

Dark  slate  and  bony  coal 0      2 

Coal 3      0 

Slate,  gray 0      2 

Coal 1      2 

Slate  and  slaty  coal 0  10 

According  to  Messrs.  Chance  and  Piatt,  this  coal  is  but  poorly  repre- 
sented in  the  present  mining  regi«  ns  of  Clearfield  and  Jefferson  Coun- 
ties, Pennsylvania,  but  it  is  possible,  as  already  suggested  in  connec- 
tion with  section  88,  that  in  some  cases,  at  least,  the  Upper  Freeport 
coal  may  have  been  erroneously  refeired  to  the  horizon  of  the  Lower 
Freeport. 

Section  at  Mount  Equity  minCj  Bedford  County,  Pennsylva/nia. — In  the 
Broad  Top  field  this  coal  is  finely  developed  in  Bedford  County,  where 
it  is  known  as  the  <' Kelly  seam,''  and  exhibits  the  following  structure  at 
the  Mt.  Equity  mine,  according  to  Stevenson,  Beport  T*,  Second  Geo- 
logical Survey  of  Pennsylvania,  page  62: 


Coal  .... 
Parting 
Coal  ... 
Parting 
Coal  .... 
Parting 
Coal  .... 
Clay... 
Coal  .... 


Ft 
.  2 


0      7 


2  } 

0 
0 
4 


Ft 

7 


in. 
2 


Although  this  bed  is  so  well  developed  in  Bedford  County,  yet  when 
followed  northward  into  Huntingdon,  only  10  miles  distant,  it  thins 
away  to  only  1  foot  or  even  less. 

Followed  southward  from  Cambria  County  along  the  Alleghanies, 
this  coal  becomes  quite  thin  and  slaty  in  Somerset,  and  where  the  bed 
enters  Maryland  near  the  northern  end  of  the  Georges  Creek  basin,  it 
is  only  3  to  4  feet  thick  and  quite  slaty,  there  being  a  layer  of  bony, 
worthless  coal,  1  foot  thick,  just  above  the  middle.         ^g.^.^^^ by CjOOQIc 
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This  poor  condition  of  the  bed  seems  to  be  maintained  sonthward 
along  the  Georges  Creek  ba8in  to  Piedmont  (Section  92)  and  ap  the 
North  Potomac  (Section  93)  to  near  its  source  (Section  94)  before  tiie 
coal  becomes  valuable  again,  since  there  the  whole  bed  thickens  op  to 
8  feet,  and  is  extensively  mined  at  Thomas,  on  the  West  Virginia  Cen- 
tral Railroad,  in  spite  of  tiie  fact  that  2  feet  of  bony,  worthless  coal  still 
remains  near  the  center  of  the  bed. 

In  the  Ligonier  basin  of  Westmoreland  and  Fayette  Counties,  Penn. 
sylvania,  Prof.  Stevenson  reports  this  bed  of  inferior  quality,  being 
filled  with  knife  edges  of  slate  and  containing  too  much  sulphur  for  the 
manufacture  of  coke,  though  it  often  has  a  good  thickness.  This  con- 
dition of  AfPiairs  is  continued  southward  along  the  Ligonier  basin  into 
Preston  County,  West  Virginia,  until  we  begin  to  a)>proach  the  vicin- 
ity of  Cheat  River,  when  a  great  change  takes  place  in  the  character 
of  the  coal,  the  sulphur  and  thin  slates  disappearing  and  the  whole  be- 
coming a  most  valuable  coking  coal. 

Section  at  Posten^s  bank,  near  Masontown,  Prest/m  Counig^  We9t  Vtr- 
ginia. — ^The  section  at  Mr.  Posten's  bank,  2  miles  from  Masontown, 
Preston  Coqnty,  shows  the  following  structure : 

Ft.  In. 

Coal,  slaty 1 

Coal,  good 3 


Slate,gray 0      -^  i  ^  *»• 


"1 

3  ! 

V    9      7 


Coal,good 1      3 

Shale 0    10 

Coal,good 3      0  j 

This  is  near  the  center  of  the  basin,  and  the  coal  is  there  thicks 
than  the  average. 

Section  at  Hartley's  bank,  near  Masontown^  Preston  County^  W«rt  Vtr- 
ginia. — ^The  following  from  the  side  of  .the  trough  near  Masontown,  at 
Mr.  Hartley's  bank,  will  better  represent  the  average  thickness  of  this 
coal  in  the  Preston  basin: 

Ft.  is. 

Slaty  coal 1      3^ 

Coalfgood 3      5  1 

Shale,  gray 0      2  I  ^  *°; 

Coal,good 1      3  ^^    ^     ^ 


Shale,  gray 1 

Coal,  good 1 


W 


The  first  parting  below  the  top  is  usually  called  the  *4ittle''  slate, 
while  the  next  one  is  known  as  the  *<  big '"  slate. 

This  is  the  same  coal  that  has  long  been  coked  for  the  mann&ctnre 
of  iron  at  Irondale,  Pi>e8ton  County,  and  also  near  Austin;  on  the  Balti- 
more and  Ohio  Railroad.  At  both  of  these  localities  the  coal  below 
the  <^  big  "  slate  is  not  taken  out  on  account  of  the  expense  of  mining 
the  latter. 

Southward  from  the  Baltimore  and  Ohio  Railroad  this  bed  again 
splits  up  with  numerous  slate  partings,  and  when  it  comes  out  to  day- 
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light,  on  the  Valley  River,  at  Phllippi,  the  coal  is  4  feet  thick,  but  so 
slaty  as  to  be  almost  valueless,  and  only  20  to  25  feet  above  the  Lower 
Freeport  coal. 

Section  at  Wilson?8  minej  Boariitg  Oreek^  Randolph  County^  West  Vir- 
ginia.— South  ward  from  Phllippi  it  increases  in  thickness,  and  when  we 
come  to  the  eastern  side  of  the  Belington  basin  the  bed  has  a  total 
height  of  10  to  15  feet,  and  is  locally  known  as  the  Bearing  Greek  vein. 
Its  structure  there  is  shown  by  the  following  section  at  Mr.  William 
Wilson's  mine,  in  the  northern  edge  of  Randolph  County,  and  about  1 
mile  east  from  the  Valley  Biver,  at  the  mouth  of  Bearing  Creek : 

Ft  in. 

Coal,  slaty,  impure 1  6 

Shales,  dark 2  0 

Coal,  *' upper  bench  " 2  8 

Slate  and  bony  coal , •  1  3        Feet 

Coal,  "breast". 3  1}         14 

Slate,  gray 0  6 

Coal,  "mining ply" 1  8 

Clay  and  slate 0  4  | 

Coal,  "bottom,"  slaty 1  0) 

At  some  localities  the  ^^  bottom  ^  and  <'  mining  ply  "  benches  form  one 
layer  of  coal  3  to  4  feet  thick^  but  as  a  rule  the  *^  bottom  "  portion  is 
slaty  and  worthless,  while  the  "  mining  ply  ^  and  the  **  breast '^  layers 
famish  very  good  fuel,  the  **  upper  bench  '^  being  frequently  slaty  and 
otherwise  impure. 

Followed  still  farther  southward  along  the  eastern  side  of  the  . 
Appalachian  field,  through  Bandolph,  TTpshur,  Lewis,  Webster,  Nich- 
olas, Fayette,  EZanawha,  Lincoln,  Cabell,  and  Wayne  Counties,  West 
Virginia,  this  coal  bed  presents  the  features  shown  in  the  sections  given 
below. 

Section  on  Stone  Coat  Bun^  Upshur  County j  West  Virginia. — In  Upshur 
Gounty,  10  miles  west  from  the  Bearing  Creek  region,  the  Upper  Free- 
port  coal  is  exposed  on  Stone  Coal  Bun,  a  tributary  of  the  Big  Sandy, 
which  empties  into  the  Buckhannon  Biver.  Here  the  following  struct- 
ure is  visible: 

Ft  in. 

Black  slate 2  6^ 

Coal 1  0 

Bony  coal 0  8 

Coal 2  0 

Blackslato 3  0 

Coal 1  0 

Gray  slate 4  G 

Coal 1  5^ 

Slate,  dark 1  4 

Coal 1  10 

Slate,  dark 0  5 

Cdal,slaty 0  5 

Slate,  gray 0  6 

Coal 1  5  J 


<M*  Ft  in. 

I    14    8^ 


7    A 


Ft 
J^22 
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This  is  the  locality  of  the  celebrjited  "22.foot"  coal  bed  of  UiKsltr.r 
County.  The  detailed  strncture  above  given  does,  indeed,  exhibit  a 
bed  of  this  enormous  thickness,  but  it  is  so  split  up  with  slate  as  to  be 
practically  worthless. 

Section  oh  the  Buckhannon  River^  Up  hur  County,  West  Virginia, — Still 
further  west  from  this,  ou  the  main  Buckhannon  Kiver,  one-fourth  of  a 
mile  above  Grassy  Bun  and  9^  miles  from  Buckhannon  town,  in  a  cat 
on  the  West  Virginia  and  Pittsburgh  Eailroad,  the  following  section  \s 
exhibited : 

Feet. 

Massive  sandstone  (Lower  Mahoning) • 35 

fCaniiel  slate....  12'    0"^ 

Coal 2^    0"[  .- 

Shale 2'    0->—  " 

Coal V    0" 

Gray  shale 3 

Concealed * 10 

Massive  sandstone  in  hed  of  Buckhannon  Rirer 5 

Here  the  coal  has  almost  entirely  disappeared  in  the  gr^at  mass  of 
eanue!  slate  at  the  top,  which,  of  course,  contains  a  large  quantity  of 
bituminous  matter. 

Section  at  Lloyd  Wamsley^s  bank.  Upshur  County,  West  Virginia. — Al>out 
10  miles  south  from  the  last  locality  we  come  to  an  area  of  this  coal  be- 
tween the  main  Buckhannon  River  and  its  middle  fork,  where  it  hs& 
regained  a  structure  more  nearly  normal,  viz: 

Ft  in. 

Cannel  slate 0  7 

Coal 2  7 

Slate,  black 0  4 

Coal 0  8 

Shale,  gray 0  8 

Coal,  soft 1  7 

Mr.  Bryan's  bank,  one  half  mile  northwest,  exhibits  the  following: 

Ft  in. 

Cannel  slate 0     6 

Coal 2      0 

Bony  coal 0      6 

Coai 3      0 

Section  at  CurrenVsfarm,  Upshur  County  yWest  Virginia. — A  few  miles 
so'ith  of  this,  near  the  Randolph  County  line  this  coal  passes  into  the 
air  on  the  land  of  Mr.  Current,  where  it  exhioits  the  following: 

Ft.  in.       Ft  la. 

Sandstone 25 

Coal 1  0^ 

Slate,  bine 2  2 

Coal 0  2 

Clay 0  IQ 

Coal 0  6 

Sand  rock 1 

Coal,  visible   1 
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Section  near  ffaoJcer^s  Valley  P.  0.,  Webster  County^  West  Virginia. — 
Southward  from  this,  Jbhrough  the  edge  of  Kandolph,  the  coal  has  been 
ero<led  by  the  waters  of  the  BuckhaDnoD,  but  beyoud  Helvetia  and  the 
Florence  Pass  we  come  to  an  elevated  plateau,  from  which  the  Buck- 
hanuon,  Little  Kanawha,  and  Holly  (a  tributary  of  the  Elk)  Eirers  all 
take  their  rise,  and  here,  in  Webster  County,  7  miles  northeast  from 
Hacker's  Valley  post-office,  we  catch  an  outlier  of  this  coal  with  the 
following  structure : 


BoDy  ooai 0 

Coal,  good 1 

Bony  coal 1 

Coal,  good 2 


Ft  in. 

3 
2 

8  . 


Ft  in. 
6    7 


Section  on  the  Little  Kanawha  River,  Lewis  County,  West  Virginia. — 
About  10  miles  northwest  from  this  last  locality  the  same  coal  exhibits 
the  following  structure  (accordins:  to  William  S  Stevenson)  in  the  hills 
along  the  Little  Kanawha  River,  where  the  left  branch  of  that  stream 
cuts  across  the  panhandle  of  Lewis  County: 

Ft  in. 

Slaty  coal 5    0 

Coal,  hard 2    8 

Slate    0    8 

Coal,8ofter 1    8 

Section  on  the  Holly  River.  Webster  County^  West  Virginia. -^\xx  the 
summit  of  the  hills  near  Anderson's  mill,  on  the  left  branch  of  Holly 
Kiver,  Webster  County,  we  find  the  Upper  Freeport  coal  with  the  follow- 
ing sti'ucture  on  the  land  of  Mr.  Marcum  Cougar: 


Ft  in. 
9    0 


Ft   in. 

Coal,  hard 3    2 

Slate.dark 0    4 

Coal,  soft 1    4 

Bony  coal 0    4 

Coal,  soft 1    8 


Ft  in. 
6  10 


Section  at  Powell  Mountain^  Nicliolas  County,  West  Virginia. — ^To  the 
southwest  firom  this  there  are  no  more  openings  on  this  coal  until  we 
come  to  Powell  Mountain,  in  Nicholas  County,  although  a  "7-foot" 
bed  of  coal  is  frequently  "reported''  in  the  hills  where  the  Upper  Free- 
port  ought  to  be  found.  But  in  Powell  Mountain  it  has  been  mined 
for  a  long  time  on  the  Weston  and  Gauley  Bridge  turnpike,  where  it 
exhibits  the  following  structure: 


Ft  in. 

Coal,  blossom 

Shales,  gray 10  0 

Coal,  splinty 2    0 

Blackslate 0    3 

Coal.splinty 2    0 


Ft  in. 
1^14    3 


Here  the  character  of  the  coal  be;;ins  to  change  to  the  hard,  splinty 
variety  which  distiuguidhos  the  coals  of  the  Kanawha  Valley. 
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Ft  in. 
13    10 


Ft  in. 
13    10 


Section  on  Stroud  CreeJCy  Nicholas  Countyj  West  Virginia. — A  few  milM 
east  fh>m  this,  on  the  waters  of  Stroud  Greek^  this  bed  shows  the  follow- 
ing section  on  the  land  of  Dr.  D.  M.  Lewis: 

Ft  in. 

Cannel 0  5' 

Coal,fcplint 4  0 

Softcoal 0  4 

Blackslftte 0  1 

Coal 0  6 

Black,  coaly  slato 0  6 

Grayelate 3  0 

Coal,Boft 1  10 

Clay I  0 

Coal,  soft 0  10 

Slate 0  1 

Coal 0  3 

Sections  on  Mumble  the  peg  CreeJcj  Nicholas  County^  West  Virginia. — On 
Mnmble-the-peg  Creek,  half  way  between  Powell  Monntain  and  Nicho- 
las Gourt-Hoase,  we  find  an  opening  in  the  Upper  Freeport  ooal  on 
the  land  of  Mr.  Herold,  where  it  shows  the  following  structore: 

Ft.  in. 

Coal 1  6 

Shales 5  0 

Cannel 0  8 

Coal,8plinty 2  6 

Slate,  black 1  8 

Coaljsplinty 2  6 

At  another  bank,  300  yards  west  ft'om  the  last,  the  following  is  seen: 

Ft.  in. 

Coal,  blossom "j 

Shale,  gray 2  0 

Bony  cannel 0  6 

Coal,  splinty 2  1 

Slate,  black 0  3  I 

Coal,  splinty 2  oj 

At  this  locality,  as  well  as  in  Powell  Mountain  and  on  Stroud  Creek, 
a  very  good  quality  of  splint  coal  is  obtained  from  this  bed. 

From  Nicholas  Gourt- House  on  south  west  ward  to  the  Great  Kanawha 
Biver  no  openings  have  been  examined  along  the  crop  of  this  coal,  but 
at  Gannelton,  in  Fayette  Gounty,  we  find  it  a  valuable  bed  of  cannel 
coal  with  a  thickness  of  1^  to  4  feet,  while  2  to  2^  feet  of  bituminous 
coal  rests  immediately  on  the  latter. 

Two  miles  below  Gannelton,  at  the  mouth  of  Upper  Creek,  the  bed 
thickens  to  11  feet,  but  the  layers  of  coal  are  so  interstxatified  and 
diluted  with  slate  and  muddy  sediment  that  the  whole  is  worthless.  A 
few  miles  farther  down  the  Kanawha,  at  East  Bank  and  Grown  HiU,  a 
portion  of  this  great  bed  becomes  the  excellent  splint  coal,  3  to  4  feet 
thick,  which  is  mined  at  those  localities,  but  farther  down  this  river 
the  bed  again  becomes  impure  and  remains  practically  worthless  from 
Goalburg  on  down  until  it  disappears  under  the  river  at  Charleston. 
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West  from  the  Elanawha  we  have  no  information  about  this  coal  until 
we  reach  the  Ouyaudotte  River  in  Cabell  and  Lincoln  Counties,  but  it 
IB  possible  that  some  of  the  Coal  River  canuel  belongs  at  this  horizon* 

Section  on  the  Ouyandotte  River j  Cabell  County ^  West  Virginia. — On  the 
Guy andotte  River  the  Upper  Freeport  coal  rises  above  water  level  about 
two  miles  above  the  ^^  Falls  Dam."  It  is  first  opened  and  mined  at  the 
month  of  Stone  Coal  Bun,  where  it  exhibits  the  following  structure: 


Pt.  in. 

Coal 0  4 

Slate 0  2 

Coal 0  7 

Slate  and  bony  cannel 0  9 

Coal,vleible 1  8 


Ft.  in. 
3      6 


Another  opening  a  short  distance  up  the  run  gives  the  following : 


Massive  sandstone....  

Cannel  slate 

rt.  in. 
1      0^ 

Ft.  in. 
25      0 

1 

Slate 

0      3 

\    5      3 

Coal,  good 

4      0 

1 

Coal,  Upper  Freeport.. 


K....  10    5 


This  latter  section  very  probably  belongs  immediately  on  top  of  the 
first  opening,  since  the  interval  between  the  two  banks  is  concealed. 

The  coal  is  known  in  this  region  as  the  **  big  bed*'^  On  the  Caldwell 
tract,  opposite  Camp  Branch,  this  coal  exhibits  the  following  section  in 
the  bluff  overlooking  the  Ouyandotte: 

Ft  In. 

Sandstone,  Tisible 10    0 

rCoal,  slaty 1'  0"' 

Coal V  &' 

Slate 0'  V 

Coal 2'  Q" 

Slate 0'  2" 

Coal (V  9" 

Shale 0'  9" 

Coal 0'  8'' 

Slate 0'  6" 

.Coal 3'  0"; 

As  will  be  perceived,  the  coal  contains  much  slaty  material  and  the 
layers  of  coal  themselves  are  inclined  to  be  bony  and  impure,  approach- 
ing the  type  which  this  bed  exhibits  in  the  vicinity  of  the  Kanawha 
Mining  Company's  plant  on  the  Big  Kanawha  River. 

Sections  on  Cove  Creeh.  Wayne  County y  WestVirginia. — As  we  pass  from 
the  Guyandotte  in  Lincoln  County  westward  across  the  divide  to  the 
waters  of  Twelve  Pole,  a  great  change  takes  place  in  the  Upper  Free- 
-poTt  bed,  and  on  Cove  Creek  we  find  it  split  into  two  portions  with  30 
feet  of  rock  between,  and  the  lower  bench  a  fine  quality  of  cannel  coal 
3  to  4  feet  thick  at  some  openings. 
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At  another  locality  tlie  following  Is  seen : 


Ft    in. 


Coal  blossom 2 


0   I 


Shalee  and  sandstone  : 30      0      Ft.  in. 

Sbale (y  G"^  >36    10 

Coal,  splint V  8"  I 

Canuel,  good 1' 4"  [    '■*  '**"-' 

Coal,  bony V  4"  J 

On  the  opposite  side  of  Oove  Creek  we  see: 

Ft  in. 


Massive  sandstone 

Coal 0  6 

Slate 0  4 

Coal 1  6 

Cannel 3  0 


Ft  In. 
5      4 


From  this  point  a  belt  of  cannel  coal  at  the  horizon  of  this  bed  ex- 
tends in  a  general  westerly  direction  nearly  across  Wayne  Conn ty,  being 
found  on  all  ot  the  main  branches  of  Twelve  Pole.  It  is  possibly  identi- 
cal with  the  celebrated  Moses  Fork  cannel  and  other  cannel  deposits 
in  Kentucky.  This  belt  of  cannel  varies  much  in  width,  but  it  is  often 
2  or  3  miles  across,  and  while  the  bed  is  not  entirely  persistent,  it  is 
seldom  less  than  20  inches  thick.  It  is  quite  pure  and  will  compare 
favorably  with  the  celebrated  Kanawha  cannel,  which  comes  at  the  same 
geological  horizon. 

On  the  left  branch  of  Twelve  Pole^  one-half  mile  above  the  month  of 
Brush  Greek,  this  cannel  coal  shows  as  follows : 

Ft.   In. 

Massive  sandstone 

Coal)  bituminous 0    10  ^  ^ 

Rock,  dark 0      8^4 

Cannel 2      6  j 

On  Utile  Laurel^  a  branch  of  Hezekiah  Creek  (tributary  of  the  left 
fork  of  Twelve  Pole),  the  cannel  exhibits  the  following: 

Ft   in. 

Sandstone 

Coal,  bitnminoQS 1      0'^ 

Bonecoal 0      8  «  ^  *"• 


w 


Cannel 3      *  . 

Bonecoal , 1      8  J 


5     5 
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Feet. 
27 


On  Saw  Pit  branch  of  Cove  Greek  the  following  section  was  meas- 
ured: 

Ft.  in. 

Coal,  blossom 2  0^ 

Sandatone  25  0  > 

Coal 0  6^ 

Slate,  gray 0  1 

Coal,  bituminous 1  3 

Cannel 1  7 

Coal,  splint  1  0 

Slate  and  slaty  con  1 0  5    * 

Coal 0  5 

Slate 0  2 

Coal,  splint 0  8 

Slate,blue 0  5 

Coal,8pUnt 1  6^ 


8 


In  Sugar  Camp  Hollow^  a  short  distauee  above  Jesse  Queen's,  the 
Upper  Freeport  coal  exhibits  the  following  structure: 


Ft  in. 


Sandstone,  massive 

Coal 2 

Slate 0 

Coal,  splint 1 

Slate,  gray 0 

Coal 0 

Slate,  gray 0 

Coal,  splint 0 

Slate,  gray 0 


Coal 

Slate,  dark 

Coal .' 

Slate 

Coal 

Shaly  sandstone 15 

Coal 1 


4 
2 

2 
4 
2 

4 

8  ^ 

4 
1  6 
0  9 
0  7 
0  6 
0     I) 


Ft  in. 
8     11 


6J 


Ft  in. 
25    5 


On  Trough  Creek,  near  James  Eainey's,  this  coal  exhibits  the  fol- 
lowing: 

^  Ft  in. 

Massive  sandstone 

Cannel  slato 0    5      Ft.  In. 

Coal,  splinty 19^3      3^1 

Slate 0    1 

Coal,  splint 1    0 

Flaggy  sandstone  and  sbalo 15 

Cannel  slate 0    8 

Coal 2    1 

Slate 0    2 

Coal 0  10 

Shale,  gray 0    6 

Coal 2    1 


Ft  in. 
24    7 
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At  Oreene  Porter^  on  the  ri^bt  bank  of  Twelve  Pole,  tbe  Upper 
Freeport  bed  shows  the  followiug: 

Ft  in. 

Coal I   0"\ 

Clay 0    5 

Shale  aud  coal 0    9 

Coal 1  10 

Bony  ooal  and  elate 1    0 

Coal 2    4  j 

From  this  point  on  west  to  the  Kentucky  line  on  the  Tag  River  ooth- 
ing  is  known  of  the  Upper  Freeport  coal,  and  at  Warfield  it  seems  to 
be  absent  from  the  section,  bat  this  may  possibly  be  dae  to  the  fact 
that  its  horizon  there  overtops  the  sammit  of  the  hills. 

In  western  Pennsylvania  there  are  large  areas,  especially  in  Beaver 
Gonnty,  where  this  coal  is  either  absent  or  else  too  thin  to  mine;  so  it 
enters  Ohio  not  as  a  persistent  bed,  but  occurring  in  patches,  and  this 
characteristic  seems  to  remain  with  it  there,  from  the  Pennsylvania  line 
entirely  across  the  State  to  the  Kentucky  border  at  Ironton. 

Even  along  the  Ohio  Biver  from  the  Pennsylvania  line  down  to  where 
this  bed  dips  below  the  same,  it  is  generally  absent,  and  Profl  Orton 
thinks  it  is  still  absent  in  the  Stenbenville  shafts,  the  coal  mined  there 
being  the  Lower  Freeport  bed,  instead  of  the  Upper  Freeport  as  was 
formerly  supposed. 

In  eastern  Ohio  it  is  known  as  bed  No.  6  in  the  Ohio  scheme  of  num- 
bers, but  in  other  portions  of  the  State,  as  Prof.  Orton  has  shown,  it 
was  often  called  No.  7.  The  following  list  of  Ohio  names  for  this  bed 
will  indicate  regions  in  that  State  where  the  bed  become  prominent: 
"Big  Vein''  of  Salinesville,  "Dell  Roy,"  "Cambridge,''  "Alexander," 
"Bayley's  Run,"  "  Norris,"  "  Happy  Hollow,"  "  Waterloo." 

Section  near  Kenava^  West  Virginia. — After  passing  beneath  the  Ohio 
River  above  Stenbenville,  this  bed  never  emerges  from  the  same  until 
within  2  miles  of  the  Kentucky  line,  and  if  the  Stenbenville  shaft 
coal  be  the  Lower  Freeport,  then  the  Upper  one  is  absent  over  a  wide 
region  along  the  Ohio  River,  for  it  appears  to  be  absent  in  several  bor- 
ings, notably  at  Parkersburg  and  Pomeroy.  It  is  reported  from  a  boring 
at  Huntington,  however,  as  10  feet  thick,  though  where  it  comes  up  to 
the  level  of  the  Chesapeake  and  Ohio  Railroad  at  the  east  end  of  the 
Big  Sandy  bridge,  10  miles  below  Huntington,  the  bed  is  worthless, 
as  shown  by  the  following  structure  there : 

Ft 

Coal 1  1     jFu 

Sbale ; 3  s.       & 

Coal,  slaty 1  J 
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Section  in  Ritchie  County^  West  Virginia, — Where  this  bed  is  broaght 
to  the  surface  on  the  Volcano  anticlinal  in  Ritchie  County,  West  Vir- 
ginia, it  has  the  following  stractore,  according  to  Stevenson : 

Ft.  io. 

Coal 2  6^  pt.  in. 

SandstODe,  gray , 3  6^6     8 

.Coal 1 0  8  J 

THE  UPPKB  FREKPORT   LIMESTONE. 

Below  the  ooal  just  described,  at  an  interval  which  varies  from  0  to 
40  feet,  there  comes  a  limestone  which  was  named  from  the  same  local- 
ity as  the  coal.  It  is  quite  generally  distributed  in  Pennsylvania,  north- 
ern West  Virginia  and  Ohio,  but  in  the  southwestern  part  of  West 
Virginia  it  appears  to  be  absent,  since  ic  has  never  been  reported  from 
the  region  along  the  Big  Kanawha  and  its  tributaries,  nor  from  the 
region  between  that  and  the  Big  Sandy. 

The  limestone  is  usually  of  a  light  gray  color  on  fresh  fracture,  but 
some  of  the  layers  are  always  huffish  when  weathered,  owing  to  in- 
cluded iron.  Frequently  the  rock  presents  a  brecciated  aspect,  as  if 
made  from  the  broken  fragments  of  an  older  limestone. 

Fossils  are  rare  in  this  bed  except  a  minute  univalve  which  looks  as 
if  it  might  be  of  fresh  water  origin.  Some  layers  of  this  stratum  gen- 
erally contain  a  considerable  amount  of  carbonate  of  magnesia,  and 
occasionally  enough  to  constitute  it  a  good  rock  for  the  manufacture  of 
hydraulic  cement 

The  thickness  varies  from  1  foot  up  to  30  feet  as  a  maximum,  though 
t)ie  average  might  be  placed  at  5  to  8.  It  makes  an  excellent  lime  for 
fertilizing  purposes,  and  is  much  sought  after  to  enrich  the  barren  soil 
lands  above,  though  it  is  occasionally  mined  for  use  in  blast  furnaces, 
as  on  the  Alleghany  Elver  between  Freeport  and  Kittanning,  where  it 
is  unusually  thick. 

In  Ohio  this  bed  has  been  given  several  names,  as  ^^  Shawnee," 
"White,"  "Buchtel,'' etc.  There,  also,  as  in  Pennsylvania  and  West 
Virginia,  it  occasionally  becomes  iron-bearing  and  some  or  all  of  its 
layers  develop  into  iron  ore,  which  is  known  in  Ohio  as  the  "Buchtel" 
ore,  and  in  Pennsylvania  as  the  *^  Summit"  ore. 

THE  BOUYAB  FIBE  OULY. 

When  the  Upper  Freeport  limestone  is  absent,  or  but  slightly  rep- 
resented, there  occasionally  comes  into  the  section  at  its  horizon  a  bed 
of  excellent  fire  clay,  which  from  having  long  been  mined  near  Bolivar, 
Westmoreland  County,  Pennsylvania,  is  generally  known  as  the  Bolivar 
olay.  As  there  developed  it  shows  a  fine  quality  of  non-plastic  clay 
which  is  used  in  the  manufacture  of  fire  brick  and  gas  retorts.  It  also 
occurs  in  several  other  regions  of  Westmoreland  County,  as  well  as  in 
Fayette  and  other  Pennsylvania  counties. 
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This  clay  has  beeu  reported  as  valuable  at  only  tivo  or  three  points 
in  Ohio,  viz,  in  Jefferson  and  Muskingum  Counties,  while  in  West  Vir- 
ginia it  is  known  to  be  valuable  in  only  one  region,  viz,  on  Deckers 
Greek,  in  Preston  and  Monongalia  Counties. 

THE  UPPBB  FRKBPOST  8ANDSTONB. 

As  a  mle  the  main  portion  of  the  interval  between  the  (Tpx>er  and 
Lower  Freeport  coals  is  occupied  by  sandy  shales  or  thin  flaggy  layeis 
of  sandstone,  separated  by  shales,  but  occasionally  a  bed  of  massive 
sandstone  makes  its  appearance  at  this  horizon  and  it  has  received  the 
name  of  Upper  Freeport  Sandstone.  It  is  quite  prominent  in  some  por- 
tions of  Pennsylvania,  but  appears  to  be  generally  absent  in  Ohio.  It 
is  also  conspicuous  along  the  Great  Kanawha  and  in  all  the  region  of 
West  Virginia,  southwest  from  there,  sometimes  attaining  a  thickness 
of  75  feet,  while  in  Pennsylvania  it  is  seldom  more  than  30  feet. 

When  this  sandstone  is  not  present  as  a  massive  rock  there  occasion- 
ally occurs  a  thin  bed  of  coal  in  the  interval  between  the  Upper  and 
Lower  Freeport  coals,  and  I  have  termed  it 

THE  MIDDLE  FREEPORT  COAL. 

This  bed  is  shown  in  Section  66  at  the  typical  Freeport  locality,  and 
as  already  stated  in  connection  therewith,  its  presence  in  other  sections 
may  have  led  to  some  confusion  in  identifications.  It  is  not  a  regular 
member  of  the  series,  however,  and  is  probably  never  much  thicker  than 
at  Freeport,  viz,  2  feet. 

The  interval  between  the  Upper  and  Lower  Freeport  coals  varies 
greatly  in  thickness,  running  up  sometimes  to  80  and  again  thinning 
away  to  20-odd  feet,  as  shown  in  Section  65. 

THE  LOWER  FREEPORT  COAL. 

This  bed  is  quite  as  variable,  or  even  more  so  than  the  Upper  Free- 
port  above.  The  rule  is  that  whenever  one  of  these  beds  has  a  fair 
development  the  other  is  poor  or  worthless,  but  in  addition  to  this  an- 
certainty,  they  are  both  frequently  thin,  or  practically  ieibsent  from  the 
section  at  the  same  time,  so  that  no  one  should  look  upon  any  of  these 
coal  beds  as  being  continuously  valuable  over  wide  areas. 

As  shown  in  Section  66  at  the  type  locality  of  this  bed,  it  is  even 
more  complex  in  its  structure  than  the  Upper  Freeport  above,  being 
split  into  two  well  defined  layers  separated  by  a  stratum  of  clay  and 
limestone.  It  is  quite  probable  that  this  dividing  layer  may  at  times 
thicken  up  greatly  as  all  other  rocks  do,  and  separate  the  two  layers  of 
coal  by  an  interval  of  several  f«^et,  thus  making  two  apparently  distinct 
coal  beds,  but  which  should  really  be  classed  as  members  of  one. 

If  Messrs.  Chance  and  Piatt  are  correct  in  the  identifications  of  the 
Lower  Freeport  coal  in  Jefferson  and  Clearfield,  there  are  large  areas 
in  both  of  these  counties  where  this  coal  is  quite  valuable,  since  it  is  4 
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to  7  feet  thick  and  of  excellent  quality,  thoagh  it  is  always  separated 
into  two  or  three  benches  by  partings  of  slate. 

The  upper  portion  of  the  Lower  Freeport  bed  often  has  a  tendency 
to  become  cannelly,  as  at  Freeport,  and  some  highly  bituminous  shale 
is  frequently  present  at  this  horizon,  even  when  the  coal  is  absent. 

Another  very  fine  development  of  the  Lower  Freeport  coal  is  in  the 
vicinity  of  Fairmont,  Clarion  County,  Pennsylvania,  where  according  to 
Chance  it  is  5  to  7  feet  thick  without  any  partings,  and  furnishes  au 
excellent  quality  of  gas  coal,  as  it  does  in  the  Iteynoldsville  region  of 
Jefferson  County. 

In  Ohio  the  reputation  of  the  coal  as  a  patchy  deposit  is  fully  sus- 
tained, since  Prof.  Orton  says  of  it  (Vol.  V,  p.  166,  Ohio  Geological 
Survey),  "this  is  a  seam  the  horizon  of  which  can  be  followed  through- 
out  the  entire  field,  but  which  becomes  workable  at  comparatively  few 
points.'' 

In  eastern  Ohio  it  is  called  'So.  5,  but  in  Stark  County  and  southwest- 
ward  it  is  known  as  ISTo.  6a,  while  the  synonyms,  ^' Whan''  "Steuben- 
ville  Shaft,"  "Koger,"  "Hamden  Furnace,"  and  "Hatcher"  indicate 
localities  where  the  bed  becomes  important. 

If  the  "  Steubenville  Shaft"  bed  really  represents  this  coal  instead  of 
the  Upper  Freeport,  then  thiere  is  quite  a  large  field  of  it  along  ph&  Ohio 
River,  for  it  is  found  of  good  thickness  in  every  boring  as  far  south  as 
Moundsville,  West  Virginia,  where  it  underlies  the  Ohio  by  more  than 
eOi)  feet. 

Section  newt^  PhUippij  Barbour  County^  West  Virginia. — In  Preston, 
Monongalia,  Mineral,  and  Tucker  Counties,  West  Virginia,  this  bed  is 
quite  thin  and  often  absent  entirely,  so  it  is  not  mined  till  we  go  south 
into  Barbour  County,  where  it  thickens  up  and  in  the  vicinity  of  Phil- 
ippi  exhibits  the  following  structure : 

Ft  in. 

Coal 1    10^ 

Slate 0      8      Ft.  in. 

Coal 0      6  ^    5    10 

Slateandcoal 0    10 

Coal 2      0  J  ^ 

Nothing  is  known  of  the  Lower  Freeport  from  Philippi  on  southwest- 
ward  along  the  eastern  margin  of  the  Appalachian  field  until  the  Great 
Kanawha  Eiver  is  reached,  except  in  the  Roaring  Creek  field,  where  it 
is  only  2  feet  thick  and  25  feet  below  the  upper  bed. 

But  from  the  fact  that  this  coal  becomes  one  of  the  principal  beds  in 
the  Kanawha  region,  and  from  there  on  south  westward  into  Kentucky, 
it  is  inferred  that  it  is  also  a  valuable  bed  at  some  points  betweeu  Phil- 
ippi and  the  Big  Kanawha. 

On  this  latter  stream  the  Lower  Freeport  appears  to  be  the  parent  of 
two  valuable  beds  known  respectively  as  the  Coalburg  and  Winnifrede 
veins.  The  former  certainly  belongs  to  this  horizon,  and  the  latter 
Bull.  65 ^11 
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probably  does,  though  formerly  I  was  inclined  to  refer  it  to  the  horizoB 
of  the  Upper  Eittanning.  The  Lower  Coal  Measures  thicken  up  so 
greatly  in  that  region,  however,  and  the  intervals  separating  the  Coal- 
burg  and  Winifrede  beds  from  the  top  of  the  series  and  from  each  other 
vary  so  much  that  it  seems  more  probable  they  are  both  members  of 
the  complex  Lower  Freeport  coaL  The  Coalburg  and  Winifrede  beds 
are  themselves  complex,  being  always  separated  into  two  or  three 
benches  by  layers  of  very  hard  slate  or  bony  eoal  locally  known  as 
^<  nigger  head.^  They  usually  furnish  the  variety  of  coal  known  as 
^^  splint,"  and  the  Kanawha  <^  splint"  is  highly  prized  as  a  general  do- 
mestic fuel.  These  two  beds  are  quite  irregular  in  their  thickness  and 
one  or  both  are  often  too  thin  to  mine,  but  they  appear  to  be  much  more 
regular  and  persistent  southwest  from  the  E^anawha  than  the  TTpi^er 
Freeport,  since  they  furnish  valuable  coal  clear  across  to  the  Big  Sandy 
Biver,  the  celebrated  Peach  Orchard  coal  of  Kentucky  coming  at  the 
horizon  of  either  the  Coalburg  or  Winifrede  bed,  or  both  combined. 
This  latter  view  is  the  more  probable,  since  at  the  tunnel  near  the  New 
Peach  Orchard  mine  the  coal  is  seen  splitting  up  till  it  is  scattered 
through  more  than  40  feet  of  rock  material. 

Section  of  bed  at  OoaVburg,  Kanatcha  County,  West  Virginia. — ^The 
following  section  shows  the  variations  in  the  structure  of  the  Coalburg 
bed  at  its  typical  locality : 

Splint  coal ^ 6   in.  to  10   ft 

"Nigger  head" 4   in.  to   8   in. 

Splint  coal 2i  ft.  to    3^  ft. 

Shale 1    ft.  to    8   ft. 

l?o£tcoal 1     ft.  to    lift, 

SeoUon  at  Winifrede,  Kanawha  County,  West  Virginid. — ^The  struc- 
ture of  the  Winifrede  coal  at  Winifrede  is  as  follows: 

Ft.  In. 

Gray  splint w 0  5 

Soft  coal 0  5 

Gray  splint 0  3 

Softcoal 0  3 

Gray  splint 1  2 

Softcoal 1  3 

Slate 0  5 

Softcoal 1  8 

I  do  not  know  of  any  locality  in  the  Kanawha  Valley  where  both  tie 
Winifrede  and  Coalburg  beds  are  mined  one  above  the  other  in  the 
same  hill,  for  when  one  is  good  the  other  happens  to  be  worthless,  and 
this  is  so  constantly  true  that,  were  it  not  for  the  fact  that  the  Coal- 
burg bed  is  only  100  feet  below  the  Kanawha  black  flint  while  the  Win- 
ifrede seam  is  175  to  200  feet  below  the  same  datum  line,  I  would  be 
strongly  inclined  to  believe  that  they  were  one  and  the  same  coaL 

Section  at  mouth  of  Blaine  Creek,  Lawrence  County,  Kentucky. — In  de- 
scending the  Big  Sandy  Eiver  the  Lower  Freeport  sinks  below  water 
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level  at  the  month  of  Blaine  Creek,  6  miles  below  Loaisa,  where  it  ex- 
hibits the  following  structure : 

Ft  In. 

Massive  saudstone • "{ 

Coal  ...-^ *.  0  10  i  ^*-  *°- 

Fireclay 5  0  f    '^    ^" 

Sandyshale 2  OJ 

Coal 0  10 

Shale  witli  iron  ore 1      0 

Coal,8laty 1  0^5      7 

Shale,blue 1  3 

Coal 1  6. 

THE  LOWER  FRKEPORT  LIMESTONE. 

The  conditions  preceding  the  spread  of  a  great  coal  marsh  seem  to 
have  been  eminently  fitted  for  the  production  of  limestone  deposits, 
especially  in  the  Pennsylvania  and  Ohio  regions,  for,  with  few  excep- 
tions, a  limestone  is  found  close  under  every  coal  bed,  and  this  is  true 
of  the  Lower  Freeport  horizon.  This  limestone  very  much  resembles 
the  one  under  the  Upper  Freeport  coal,  except  that  it  is  usually  thinner 
and  more  earthy.  It  also  contains  the  same  univalve  fossil,  and  no 
others,  so  far  as  the  writer  is  aware,  thus  showing  that  it  too  is  a  fresh- 
water deposit  It  contains  a  considerable  quantity  of  carbonate  of 
magnesia  and  occasionally,  as  at  the  locality  of  Section  103,  furnishes 
material  for  the  manufacture  of  hydraulic  cement. 

Considerable  iron  ore  is  also  found  at  this  horizon,  and  the  limestone 
is  generally  of  a  huffish  cast  from  the  disseminated  iron.  From  this 
fact  it  and  the  Upper  Freeport  limestone  above  are  generally  called  the 
"buff '^  limestones  in  southern  Ohio. 

In  West  Virginia  this  limestone  has  not  been  recognized  anywhere 
in  the  northern  part  of  the  8tate,  and  it  is  certainly  absent  entirely 
along  the  Great  Kanawha.  An  impure  limestone  is  sometimes  found 
in  connection  with  the  Peach  Orchard  coal  of  Kentucky,  which  is  pos- 
sibly identical  with  the  Lower  Freeport. 

THE  LOWER  FREEPORT  SANDSTONE. 

The  next  lower  stratum  that  has  a  general  distribution  over  the  Appa- 
lachian field  is  known  as  the  Lower  Freeport  saudstone.  Section  66 
shows  the  thickness  and  structure  of  this  sandstone  at  its  typical 
locality,  and  there  it  is  se^n  to  be  double,  with  a  coal  embedded  in  its 
lower  portion,  the  whole  being  62  feet  thick.  That  the  15  feet  of  sand- 
stoneunder  the  coal  at  Freeport  belongs  properly  with  the  main  sand- 
stone above  is  known  from  the  fact  that  at  one  locality  the  coal  is  seen 
disappearing  entirely  and  then  the  two  beds  of  sandstone  unite  into 
one  solid  mass. 

This  rock  is  always  of  a  grayish  white  color,  generally  quite  hard 
often  containing  pebbles  as  well  as  much  feldspar,  which  decomposing 
permits  the  rock  to  disintegrate  readily  and  weather  into  fantastic 
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shapes.  It  is  more  persistant  as  a  massive  rock  than  the  Mahonihg 
even,  but  unlike  the  latter  it  is  seldom  nsed  for  boilding  purposes. 
This  is  owing  to  its  hardness,  coupled  with  the  fact  that  it  will  not 
stand  the  weather  well^  and  also  it  is  oft^n  so  gnarly  and  twisted  in  its 
bedding  that  it  will  not  split  evenly. 

This  sandstone  is  never  less  than  30  feet  thick  in  the  Pennsylvania 
region,  and  ic  frequently  rises  to  75  and  even  100  feet  in  some  localities, 
making  a  bold  cliff  or  bluff  wherever  its  outcrop  is  above  drainage,  and 
thus  becoming  a  conspicuous  feature  in  the  topography  of  the  Lower 
Goal  Measures. 

Throughout  a  large  portion  of  Beaver  County,  Pennsylvania,  this 
sandstone  is  75  to  80  feet  thick,  and  near  its  center  is  a  very  hard 
calcareo-siliceous  layer  2  or  3  feet  thick,  which  may  possibly  represent 
the  Johnstown  Cement  limestone  in  other  portions  of  the  State. 

The  sandstone  maintains  about  the  same  thickness  throughout  east- 
ern Ohio  as  in  Beaver  County,  and  continues  on  around  to  southern 
Ohio  with  a  thickness  of  30  to  50  feet. 

It  enters  West  Virginia  from  Pennsylvania  as  a  very  massive  bed, 
50  to  75  feet  thick  in  Monongalia  and  Preston  Counties,  while  in 
Tucker,  Taylor,  Barbour,  and  Eandolph,  it  is  still  thicker  and  more 
pebbly  even  than  the  Pottsville  conglomerate.  South  westward  through 
Bandolph,  Webster,  Braxton,  and  Clay,  this  sandstone  keeps  on  increas- 
ing in  thickness,  and  when  the  Big  Kanawha  is  reached  it  has  swelled 
out  in  a  wonderful  manner,  becoming  250  to  300  feet  thick,  and  remain- 
ing the  same  across  to  the  Big  Sandy,  often  crowning  the  hills  and 
ridges  with  cliffs  weathered  into  turreted  and  chimney-shaped  forms. 
When  attaining  this  immense  thickness  it  often  consists  of  three  or  four 
sandstones,  with  shales  and  two  or  three  coal  beds  inter|tratified. 

This  rock  has  produced  a  small  quantity  of  oil  at  Fairview,  Marion 
County,  West  Virginia,  and  is  generally  known  as  the  "gas  sand,"  in 
the  drillers'  parlance,  since  it  often  produces  considerable  quantities  of 
natural  gas. 

THI  UPPER  KITTANNING  COAI^ 

Throughout  several  counties  of  Pennsylvania  a  third  bed  of  good 
coal  occurs  at  80  to  120  feet  below  the  top  of  the  series,  and  to  this 
Messrs.  Chance,  Piatt,  and  other  Pennsylvania  geologists,  have  given 
the  name  Upper  Kittanniug,  though  the  bed  in  question  is  not  work- 
able at  Kittanning  or  anywhere  near  that  town,  as  may  be  seen  from 
Sections  60-66  along  the  Alleghany  River,  since  it  is  thin  and  unim- 
portant in  that  region.  The  Messrs.  Piatt  at  one  time  identified  this 
coal  with  the  Lower  Freeport  bed  in  Cambria,  Clearfield,  and  Jefferson 
Counties,  calling  the  coal  which  is  now  termed  Lower  Freeport  there 
the  Middle  Freeport,  and  it  is  barely  possible  that  this  first  arrange- 
ment of  the  stratigraphical  order  was  the  correct  one  in  many  regions, 
since,  as  already  shown  (see  66),  there  is  a  Middle  Freeport  coal  even 
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at  Freeport,  and  in  addition  the  Lower  Freeport  bed  is  itself  so  com- 
plex that  either  half  of  it  might  at  any  time  separate  from  the  other 
and  both  become  independent  beds. 

But  however  the  questions  suggested  may  turn  out,  the  fact  remains 
that  at  many  localities  in  Pennsylvania,  at  least,  there  are  three  dis- 
tinct coal  beds  between  the  Ferriferous  limestone  and  the  Lower  Free- 
port  coal,  as  shown  in  Sections  64,  65,  and  66. 

Westward  in  Ohio,  however,  the  Upper  Kittanning  coal  appears  to 
be  either  -wanting  entirely  in  most  cases  or  else  coalesced  with  the 
Middle  Kittanning  bed,  since  Prof.  Orton  finds  no  place  for  it  as  a  reg- 
ular member  of  the  Ohio  series,  but  puts  it  down  as  a  synonym  for  the 
Lower  Freeport  seam.    (See  Vol.  V,  p.  126,  Ohio  Survey.) 

In  West  Virginia  the  Upper  Kittanning  b*Ml  first  appears  in  the  sec- 
tions along  the  Tygart's  Valley  River  (96  and  97),  where  it  is  2  to  3J 
feet  thick,  and  a  rather  fair  coal ;  but  it  appears  to  be  absent  entirely 
in  the  Kewburg  shalt^  Preston  County,  unless  it  is  combined  with  the 
Middle  Kittanning  there,  while  in  the  !N'orth  Potomac  basin  near  Davis 
it  is  represented  by  a  mere  streak.  In  the  Kanawha  field  two  or  three 
thin  beds  come  at  this  horizon,  and  one  of  them  is  frequently  cannel, 
and  the  same  horizon  can  l)e  recognized  on  the  Guyandotte  River,  in 
Wyoming  County  (Section  117). 

Chance  says  that  it  is  the  main  cannel  horizon  in  Pennsylvania,  the 
New  Bethlehem,  Forth  Washington,  and  Murrinsville  cannel  deposits 
coming  at  this  horizon.  If  the  Darlington  cannel,  of  Beaver  County, 
comes  at  this  same  horizon,  then  the  interval  separating  the  Upper 
and  Middle  Kittanning  beds  has  there  thinned  entirely  away,  and  thus 
brought  the  two  into  direct  contact;  This  might  well  be,  since  the  Dar- 
lington cannel  rests  directly  on  2  feet  of  bituminous  coal,  below  which, 
through  a  shale  interval  of  30  feet,  comes  the  undoubted  Lower  Kit- 
tanning coal,  underlaid  by  its  great  bed  of  fire  clay.  This  would  account 
for  the  absence  of  the  coal  in  Ohio,  if  it  really  does  unite  with  the  Mid- 
dle Kittanning  before  crossing  the  Pennsylvania-Ohio  line. 

This  bed  appears  to  attain  its  greatest  importance  in  Pennsylvania, 
along  the  eastern  border  of  the  coal  field  through  the  counties  of  Jef- 
ferson, Clearfield,  Cambria,  and  Somerset,  where  it  has  been  fully  de- 
scribed by  Messrs.  Piatt  and  Chance.  The  general  sections  already 
given  show  the  horizon  and  structure  of  this  bed  at  numerous  points, 
so  that  no  further  description  of  it  is  necessary. 

THE  JOHNSTOWN  (CEMKNT)   LIMESTONE. 

Lying  only  2  t{x5  feet  below  the  coal  just  described,  there  occurs,  over 
a  wide  region  in  Pennsylvania,  a  bed  of  magnesian  limestone,  which  Mr. 
Franklin  Piatt  named  the  Johnstown  Cement,  from  its  occurrence  at  the 
city  of  Johnstown,  Cambria  County.  It  is  almost  an  exact  counter- 
part of  the  Lower  Freeport  limestone  of  the  counties  farther  west  in 
physical  aspect,  chemical  composition,  fossils,  and  everything  else,  and 
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this  is  one  of  the  facts  which,  taken  in  connection  with  the  entire  ab- 
sence of  this  limestone  in  the  western  tier  of  counties  and  in  Ohio,  has 
sometimes  led  to  the  suspicion  that  possibly  the  Johnstown  Oeme-nt 
and  the  Lower  Freeport  limestone  of  Butler  and  Beaver  Counties  are 
identical.  Still  there  are  other  facts  of  stratigraphy  which  appear  to 
forbid  such  an  hypothesis,  and  hence,  until  it  can  be  shown  otherwise 
by  more  x>ositive  demonstration,  we  must  accept  the  stratign^phicai 
horizon  given  the  Johnstown  Cement  first  by  Messrs.  Piatt,  whose 
labors  moved  it  np  from  the  horizon  of  the  Ferriferous  limestone,  to 
which  the  First  Geological  Survey  of  Pennsylvania  had  erroneously 
assigned  it.  The  stratum  ranges  in  thickness  from  1  to  8  feet,  and 
when  it  is  5  feet  or  more  some  of  the  layers  often  make  good  lime  for 
agricultural  or  other  purposes ;  but  when  the  bed  is  only  1  to  3  feet 
-thick  it  is  usually  too  impure  to  slake  well.  This  stratum  has  not  been 
recognized  at  any  point  within  West  Virginia  with  which  the  writer  is 
familiar,  and  it  thus  appears  to  be  generally  absent  from  the  series  in 
that  State. 

THV  BnDDLK  lOTTANNIKG  COAL. 

Whatever  uncertainty  may  exist  concerning  the  exact  horizon  of  the 
coal  which  has  just  been  described  under  the  name  of  Upper  Eitcan- 
ning,  there  is  none  with  reference  to  the  next  lower  bed,  for  it  is  such 
a  constant  member  of  the  series  that  its  relations  to  the  other  rocks  are 
seen  in  nearly  every  section.  This  bed  was  formerly  called  the  Upper 
Kittanning,  until  Messrs.  Piatt  and  Chance  discovered  that  the  coal 
last  described  was  a  member  of  the  Kittanning  group,  and  then  the 
coal  in  question  was  lowered  to  the  name  of  Middle  Kittanning. 

In  the  vicinity  of  Kittauning  (Section  63),  and  along  the  Alleghaoy 
River  below  (Sections  64,  65,  and  66),  this  bed  is  thin  and  unimportant, 
but  west  from  this  it  thickens  up  and  is  the  most  important  seam  in 
Butler,  Lawrence,  and  Beaver  Counties,  the  coal  being  quite  pure  and 
highly  esteemed  for  gas,  steam,  and  domestic  purposes,  though  it  sel- 
dom exceeds  4  feet  in  thickness,  and  is  often  much  less.  This  is  the 
famous  ** Clinton,''  "Rock  Point,''  and  **Hog  Hollow"  coal  along  the 
Beaver  River.  It  is  always  divided  by  one  or  more  thin  slate  partings, 
one  of  which  is  usually  near  the  bottom. 

Eastward  from  Butler  County,  through  Armstrong,  Clarion,  Jeffer- 
son, and  Clearfield,  this  bed,  according  to  Piatt  and  Chance,  declines 
much  in  thickness  and  value,  so  that  it  is  seldom  mined,  except  occa- 
sionally for  dom^tic  purposes. 

Still  farther  eastward,  however,  in  the  Broad  Top  coal  field  of  Hunt- 
ingdon and  Bedford  Counties,  it  thickens  up  and  is  apparently  repre- 
sented by  the  "Barnet"  coal  of  that  region. 

Southward  from  Pennsylvania,  in  Maryland  and  northern  West 
Virginia,  this  coal  is  sometimes  thick  enough  to  mine,  though  seldom 
exceeding  2J  to  3  feet.    At  the  southern  end  of  the  l^orth  Potomac 
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coal  basin  it  practically  unites  with  the  Loww  Kittanning  below,  and 
is  mined  with  the  latter  where  that  bed  is  opened  near  Thomas ;  but  at 
the  Davis'mine,  farther  south,  the  parting  slates  have  thickened  up  to 
20  feet  and  separated  it  from  the  Lower  Kittanning  again. 

Section  at  Newhurg^  Preston  Ootmty^  West  Virginia. — In  the  deep 
shaft  at  Newburg,  Preston  County,  West  Virginia,  this  coal  has  the 
following  structure  and  relations  to  other  beds : 

1.  Lower  Freeport  sapdstone 

Ft      In. 

{Coal 1        O-J 
Slate 0       3    Ft.  In. 
Coal, slaty 2       0^    7    3 
Clay 2       0 
Coal,  good 2       OJ 

3.  Fire  clay  and  shalee 15    0 

4.  Coal,  Lo WOT  Kittaiining,  with  several  partings 9    5 

Here  it  is  possible  that  both  the  Upper  and  Middle  Kittanning  beds 
are  represented  in  No.  2,  and  they  are  only  16  feet  above  the  Lower 
Kittanning  coal. 

In  the  Great  Kanawha  field,  this  bed,  although  only  3  to  4  feet  thick, 
is  very  pure  and  valuable,  being  known  there  under  the  names  of  "Ce- 
dar Grove,"  "Trimble,''  "Amo,"  and  others. 

In  the  Wyoming  County  section  (117)  two  beds  are  often  found  at 
this  horizon,  separated  by  20  feet  of  shales,  but  the  lower  one  appears 
to  be  the  main  coal.  The  same  thing  is  seen  in  the  Peach  Orchard 
section  (119),  where  the  lower  one  is  a  "  splint"  coal,  thin,  but  of  excel- 
lent quality. 

In  Ohio  this  coal  becomes  the  most  important  bed  of  all  the  coals  in 
that  State,  according  to  Prof.  Orton,  since  it  is  almost  constantly  work- 
able from  where  it  enters  Columbiana  County  on  the  east  to  where  it 
leaves  the  State  near  Ironton  at  the  southwest.  The  numerous  names 
it  has  received  in  Ohio  will  serve  to  illustrate  its  importance  in  the 
mining  industry  there,  of  which  the  following  is  a  partial  list:  "  ISTo.  4, 
in  Ohio  and  Yellow  Creek  Valleys  at  the  east;  "  No.  6,"  in  Stark  County 
and  southwestward; "  Hammondsville  Strip  Vein,"  "  Onasburg,"  "  Pike 
Eun,"  "  Dennison,"  "  Coshocton,"  "  Upper  Zanesville,"  "  Upper  Few 
Lexington,"  "  Nelsonville,"  "  Straitsville,"  "  Great  Vein  "  of  the  Hock- 
ing Valley,  "  Carbondale,"  "  Mineral  City,"  "  Upper  Zaleski,"  "  Wash- 
ington Furnace,"  "  Sheridan,"  etc. 

The  tracing  of  this  bed  through  Ohio,  and  its  identification  at  many 
points  where  it  had  formerly  been  confused  with  other  beds,  is  due 
largely  to  the  labors  of  Prof.  Orton,  the  present  efl&cient  director  of  the 
Ohio  Geological  Survey.  The  structure  of  the  coal  where  it  attains  a 
considerable  thickness,  as  in  the  Hocking  Valley,  is  always  quite  com- 
plex, there  being  several  parting  slates,  as  may  be  seen  from  Sections 
105  and  106. 
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Section  in  Hacking  Valley^  Ohio. — ^The  following,  from  Vol.  V,  Ohio 
Geology,  will  serve  to  illnstxate  the  general  structure  of  this  bed  when 
at  its  maxiinum  development: 

Ft  in. 

Topcoal 2  7 

Soft  coal,  rejected 0  4 

•  Coal 4  2 

Bone  coal,  rejected 0  6 

Secondslate 0  2 

Coal 1  6 

First  slate 0  1 

Coal 2  4  J 

Section  at  New  Straitsville,  Perry  County, — The  following  is  the  struc- 
ture at  New  Straitsville,  p.  954,  loc.  cit: 

Ft  in. 


Ft  in. 
II     8 


Coal 1 

Boueooal 0 


Coal 

Soft  coal . 
Shite  .... 

Coal 

Slate.... 
Coal 


Ft 
10 


According  to  Orton  this  bed  changes  in  character  from  a  good  coking 
coal  in  eastern  Ohio  to  an  open-burning  one  from  New  Lexington  soath- 
westward.  The  reader  will  find  the  coal  fully  described  in  Vol.  V,  Ohio 
Geology. 

The  interval  separating  the  Middle  Kittanning  coal  from  the  Lower 
Kittanning  bed  varies  greatly  both  in  thickness  and  composition  in  the 
different  regions  of  the  Appalachian  field.  In  western  Pennsylvania 
and  eastern  Ohio  the  interval  is  usually  only  20  to  30  feet  and  generally- 
occupied  with  dark  slates  or  shales  holding  iron  nodules,  and  it  seldom 
surpasses  40  feet  anywhere  in  Pennsylvania,  while  in  northern  West 
Virginia  it  locally  thins  away  to  an  insignificant  parting,  but  to  the 
southwestward  in  the  Great  Kanawha  region,  and  from  there  across  to 
the  Big  Sandy,  it  often  swells  up  to  100  feet  and  occasionally  attains  a 
thickness  of  165  feet  (Section  115),  with  some  massive  sandstone  at 
several  horizons.  In  southwestern  Ohio  a  massive  sandstone  30  to  40 
feet  thick  often  occui)ies  the  interval  to  the  exclusion  of  shales. 

In  the  Great  Kanawha  region  a  siliceous  limestone  makes  its  appear- 
ance in  this  interval  and  seems  to  have  quite  a  wide  distribution  in  that 
region  and  southwestward  to  the  Big  Sandy.  It  is  well  exposed  near 
the  mouth  of  Campbell's  Creek,  and  I  have  designated  it  the  Campbell's 
Creek  limestone  from  that  locality.  This  stratum  seems  to  be  present 
even  in  northern  West  Virginia,  since  in  Sections  95  and  96,  at  Moats- 
ville  and  Valley  Falls,  respectively,  a  bed  of  siliceous  limestone  occurs 
20  feet  above  the  Lower  Kittanning  coal. 

Along  the  Tug  Fork  of  Big  Sandy  there  are  siliceous  limestones  9i 
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several  horizons  above  the  OampbelFs  Creek  bed,  as  shown  in  Section 
119,  there  being  two  and  sometimes  three  within  the  horizon  of  the 
Lower  Freeport  sandstone,  so  that  these  mast  not  be  confounded  with 
the  one  in  question. 

The  bottom  layers  of  this  shale  interval  immediately  above  the  Lower 
Kittanning  coal  are  nearly  always  filled  with  fossil  plants.  They  occur 
in  great  variety  and  abundance  wherever  the  rock  material  in  the  roof 
of  the  underlying  coal  is  a  shale,  and  this  is  the  horizon  par  excellence 
for  the  collector  of  plants  from  the  Lower  Goal  Measures. 

These  beds  have  been  thoroughly  explored  at  only  one  locality  in  the 
Appalachian  field,  viz,  Gannelton,  Beaver  County,  Pennsylvania,  where 
Mr.  L  F.  Mansfield  has  collected  systematically  for  Prof.  Lesquereux 
during  several  years,  the  results  of  which  are  recorded  in  Beport  P, 
Vols- 1  and  II,  Second  Geological  Survey  of  Pennsylvania.  The  list 
includes  a  large  number  of  species,  several  of  which  are  peculiar  to 
that  locality. 

TUB  LOWER  XrrrANNIKG  COAL. 

The  next  lower  bed  of  this  series,  though  formerly  named  simply 
the  Eattanning  coal  by  Sogers,  is  now  called  the  Lower  Kittanning. 
Although  seldom  attaining  any  unusual  thickness,  it  is  probably  the 
most  persistent  bed  in  the  entire  Appalachian  field,  and  has  a  workable 
thickness  over  a  larger  area  than  any  other.  In  Pennsylvania  it  thr- 
nishes  from  3  to  4  feet  of  valuable  fuel  over  large  areas  in  every  county 
where  its  outcrop  is  due.  Of  course,  like  all  other  coals,  it  thins  down 
locally  and  becomes  worthless  over  considerable  areas,  but  the  barren 
patches  on  the  horizon  of  the  Lower  Eattanning  bed  are  fewer  and 
smaller  than  those  at  the  horizon  of  any  other  coal  in  the  entire  Lower 
Goal  Measures.  If  the  Middle  Kittanning  is  the  more  important  coal 
in  Ohio,  the  Lower  surpasses  it  in  Pennsylvania  and  West  Virginia, 
80  that  the  difference  in  favor  of  the  former  in  Ohio  is  much  more 
than  offset  in  the  latter  two  States.  This  coal  is  also  a  composite  seam, 
and  when  it  acquires  considerable  thickness  is  often  split  into  several 
divisions  by  separating  slates.  In  the  Pennsylvania  field  these  slates 
are  usually  mere  knife  edges,  and  add  but  little  to  the  total  thickness 
of  the  bed,  except  in  the  eastern  portion  of  the  field,  where  in  Clear- 
field, Bedford,  and  Huntingdon  it  often  has  a  layer  of  impure  fire  clay 
or  gray  shale  separating  the  bottom  member  from  the  middle  one. 

The  "Fulton  vein^  of  the  Broad  Top  field  appears  to  be  identical 
^th  this  coal,  though  the  writer  was  formerly  inclined  to  regard  it  as 
identical  with  the  Clarion  (see  T^  Second  G-eological  Survey  of  Penn- 
sylvania), and  bed  "A'^  of  the  Tipton  Eun  series  is  probably  the  same. 

The  "  Bloss  vein^  of  Tioga  County  seems  to  be  referable  to  this  same 
borizou  both  with  reference  to  structure  and  its  position  in  the  column 
of  rocks  (Sections  50  and  51). 

In  the  Greorges  Creek  field  of  Maryland  this  is  often  known  as  the 
<<  6-foot''  bed,  and  its  structure  there  is  given  in  Section  92.    From  Elk 
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Oard€D  southward  along  the  North  Potomac  to  where  this  bed  passes 
UDder  drainage  level,  near  Gorman,  it  is  so  badly  split  up  with  slate  as 
to  be  rather  valaeless,  but  where  it  emerges  to  daylight  again  on  tlw 
other  side  of  the  Cheat-Potomac  divide,  near  Thomas,  it  has  become  a 
splendid  vein  nearly  11  feet  thick,  as  shown  in  Section  94,  Irom  which 
6  feet  of  excellent  coal  is  mined  without  taking  out  the  bottom  member. 
As  already  stated,  the  bed  attains  its  great  thickness  in  this  region  by 
the  thinning  away  of  thQ  shales  which  nsnally  separate  the  Middle  and 
Lower  Eittanning  beds,  thus  permitting  the  two  practically  to  unite 
into  one.  The  coal  from  it  here  is  prized  for  smithing  purposes  quite 
as  highly  as  the  celebrated  Blossburg  bed,  with  which  it  appears  to  be 
identical.  It  has  also  been  successfully  coked  in  this  Tucker  Ck>unty 
field,  since  it  is  nearly  always  a  good  coking  coal  everywhere. 

Section  at  Newlmrg^  Preston  County ^  West  Virginia. — In  the  deep  shaft 
at  Newburg,  Preston  County^  West  Virginia,  the  Lower  Eittanniiig  has 
the  following  structure: 

Ft  in. 

Coal 0  10^ 

Shale,  gray 0  10 

Coal 0    6 

Bonyooal 0    3 

Coal 4    6 

Blaokslate 0    6 

Coal 2    0^ 

Sections  95  and  96  show  the  structure  of  this  l>ed  where  it  is  brought 
to  the  surface  by  the  Chestnut  Bidge  anticlinal,  on  the  Tygart's  Valley 
River,  below  Grafton,  West  Virginia,  and,  as  will  be  seen,  it  is  there 
about  5  feet  thick. 

On  the  Great  Kanawha  River,  above  Oharleston,  this  is  one  of  the 
principal  coal  beds,  and  has  long  been  known  there  as  the  CampbelPs 
Creek  vein.  At  this  locality  on  Campbell's  Creek  the  coal  is  4  to  6  feet 
thick  with  only  two  parting  slates,  but  in  passing  southward  up  the 
Kanawha  new  partings  come  in  and  the  old  ones  thicken  up  until  the 
bed,  with  its  included  rock  partings,  swells  out  to  a  thickness  of  nearly 
50  feet,  and  two  of  the  members  are  mined  independently,  the  upper 
one  being  known  as  the  Peerless  bed  and  the  lower  one  as  the  Blacks- 
burg.  The  upper  member  never  exceeds  3  feet,  and  is  usually  about 
20  feet  above  the  Blacksburg  member,  which  is  often  4  to  5  feet  thick 
and  is  the  "Coal  Valley  gas  vein."  On  the  Mount  Carbon  property,  25 
miles  south  from  CaiupbclFs  Creek,  the  20  feet  of  shales  which  usually 
separate  the  Peerless  and  Blacksburg  members  of  the  Lower  Eattan- 
ning  coal  thin  away  to  a  few  inches  locally,  and  both  are  taken  out  of 
the  same  drift.  This  is  also  the  condition  of  affairs  at  the  famous 
Austead  mines  of  the  Hawk's  Kest  Coal  Company  on  top  of  Gauley 
Mountain.  At  the  head  of  Cabin  Creek,  a  tributary  from  the  south 
bank  of  the  Big  Kanawha,  the  Peerless  and  upper  half  of  the  Blacks- 
burg member  come  completely  together,  forming  a  bed  of  excellent  gas 
coal  6*  feet  thick.  (    r\r^n\i> 

^  Digitized  by  VjOOvIc 


WHITE.]  THE   KITTANNING   FIBE  CLAY.  171 

lu  Wyoming  County,  West  Virginia,  tbis  coal,  wliicli  is  locally  called 
the  **  Cook  vein,''  has  a  good  development,  the  whole  seam  with  its  part- 
ing slates  being  about  25  feet  thick,  as  may  be  seen  from  Section  117, 
bat  the  main  portion  of  the  bed  is  about  7  to  8  feet  thick,  separated  into 
three  layers  by  slate  partings  of  4  to  6  inche*  thick. 

This  coal  rises  above  the  level  of  the  Tug  Fork  of  Big  Sandy  about  3 
miles  below  Warfieldand  30  above  Louisa.  It  has  been  mined  to  some 
extent  for  local  use  at  Warfield,  and  is  known  in  that  region  as  tlie 
"  Warfield  coal.''  Its  structure  tbere  is  given  by  Section  119.  Above 
Warfield  it  dips  down  under  the  stream  and  does  not  come  up  again  for 
about  10  miles,  or  some  distance  above  the  mouth  of  Pigeon  Creek,  but 
from  there  on  up  Tug  Eiver  it  is  constantly  accessible  for  about  40 
miles,  until  the  southward  rise  of  the  rocks  throws  the  coal  above  the 
tops  of  the  hills  near  the  mouth  of  Ben  Creek,  95  miles  above  the  mouth 
of  Tug.  Along  this  line  the  coal  is  seldom  less  than  3  feet  thick  and 
frequently  4  to  5  ieet,  with  only  one  slate  parting  3  to  5  inches  thick.  At 
the  mouth  of  Lick  Creek  and  60  miles  from  Louisa  this  coal  is  100  feet 
above  the  river,  and  reported  6  to  7  feet  thick,  with  only  one  thin  slate 
near  the  center. 

In  Ohio  the  Lower  Kittanning  coal  is  almost  as  persistent  as  in  Penn- 
sylvania, rarely  being  absent  entirely  from  the  section,  and  generally 
having  a  thickness  of  3  feet,  with  a  maximum  of  5. 

In  the  deep  oil-borings  across  southwest  Pennsylvania  and  northern 
West  Virginia  this  coal  is  quite  persistent,  being  frequently  reported  at 
a  depth  of  1,500  to  1,800  feet  beneath  the  surface. 

The  following  list  of  names  his  been  given  it  in  Ohio :  Coal  No.  3  in 
Ohio  Valley  and  along  Yellow  Creek,  Ko.  4  atLeetonia,  No.  5  in  Stark 
County  and  south  westward ;  also  **  Creek  vein,"  *'  Potter's  vein,"  "  Lee- 
tonia,"  "  Mineral  Point,'' "  Lower  New  Lexington,"  "Newcastle,"  etc. 
This  coal  is  often  neglected  in  Ohio  even  when  it  has  a  thickness  of  2 J 
to  3  feet,  because  of  the  great  development  of  the  Middle  Kittanning 
coal  only  a  few  feet  above.  Both  of  these  beds  have  now,  through  the 
labors  of  Newberry,  Orton,Koy,  and  others,  been  traced  from  the  Penn- 
sylvania line  clear  across  Ohio  to  where  they  pass  into  Kentucky  at 
Ironton,  and  have  been  so  well  described  by  Orton  in  Vol.  V,  Ohio 
Geology,  that  it  is  unnecessary  for  the  writer  to  dwell  on  them  longer. 

THE  KITTANNING  FIRE  CLAY. 

Lying  directly  under  the  last  described  coal  there  comes  in  many 
regions  a  great  bed  of  splendid  fire  clay  which  often  overshadows  the 
coal  in  value,  since  many  millions  of  dollars  are  invested  in  manufac- 
turing the  several  lines  of  articles  which  can  be  made  from  this  clay. 
The  bed  has  been  named  from  Kittanning,  where  it  is  mined,  and  here 
an  well  as  at  many  localities  in  Ohio  the  clay  does  not  all  immediately 
underlie  the  coal,  but  some  of  it  is  found  a  few  feet  lower  and  nearly 
on  top  of  the  Ferriferous  limestone. 
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Eastward  from  the  Alleghany  River  this  clay  does  not  api>ear  to  be 
very  important,  bat  westward  from  that  point  it  is  generally  present, 
and  attains  its  maximum  development  along  the  Braver,  and  westward 
from  there  down  the  Ohio;  the  famoas  potteries  at  l^ew  Brighton,  Roch- 
ester, East  Liverpool,  New  Cumberland,  and  other  points  in  these  val- 
leys all  deriving  their  clay  firom  this  horizon. 

In  the  Beaver  County  region  the  thickness  is  generally  about  8  to  10 
feet,  but  occasionally  runs  up  to  15  and  down  to  5.  It  often  consists  of 
two  portions,  an  upper  "  soft''  clay  and  a  lower  ''hard"  clay,  the  latter 
being  used  in  the  manufacture  of  fire  brick,  etc.  In  western  Pennsyl- 
vania and  eastern  Ohio  this  clay  bed  is  often  a  very  valuable  element 
in  settling  questions  of  stratigraphy  which  would  otherwise  be  extremely 
difficult  of  solution ;  in  fact  it  is  valuable  for  this  purpose  clear  across 
the  Ohio  coal  field,  since,  according  to  Orton.  although  not  entirely  per- 
sistent, yet  it  furnishes  valuable  clay  mines  in  every  county  of  its  oat- 
crop  from  the  Pennsylvania  line  across  to  the  Kentucky  border. 

In  West  Virginia  (except  along  the  Upper  Ohio  River)  the  deposit  is 
seldom  of  value,  beiugtoo  siliceous,  and  it  has  been  developed  in  only  one 
region,  viz,  near  the  locality  of  Section  97,  at  Nuzum's,  on  the  Tygart's 
Valley  River.  Here  along  the  crown  of  the  Chestnut  Ridge  anticlinal 
the  coal  above  locally  disappears,  and  then  a  valuable  bed  of  hard  clay 
replaces  it,  but  when  the  coal  comes  in  again  the  clay  disappears,  just 
as  it  often  does  in  Ohio,  when  t^e  hard  flinty  clay  is  present.  The 
Glade  Fire  Brick  Works  at  Nuzums  manufacture  a  good  fire  brick  fit>m 
this  bed. 

THE  KITTANNING  SANDSTONE. 

The  interval  between  the  Lower  Kittanning  coal  and  the  Ferriferons 
limestone  varies  greatly  in  thickness,  sometimes  only  the  clay  bed  just 
described  intervening,  and  again  the  interval  thickens  up  to  50  to  75 
feet  or  even  more.  Whenever  the  interval  attains  anything  like  these 
last  figures  we  generally  find  a  massive  sandstone  between  the  coal  and 
the  limestone,  and  to  this  has  been  given  the  name  Kittanning.  It 
sometimes,  as  on  Buffalo  Creek,  Butler  County,  Pennsylvania,  develo}^ 
into  a  great  cliff  rock  of  massive  and  even  pebbly  sandstone,  cutting  out 
the  underlying  limestone  (Ferriferous).  It  often  furnishes  good  quarry 
stone,  and  a  rock  occupying  this  horizon  in  the  series  has  been  quarri^ 
and  used  In  building  the  Government  lock  and  dam  near  Goal  Valley^ 
on  the  Great  Kanawha  River.  In  this  region  the  interval  between  the 
Lower  Kittanning  coal  and  the  Ferriferous  limestone  thickens  up  to  150 
feet,  and  a  local  bed  of  coal,  the  Brownstown,  comes  into  the  series 
about  half  way  in  the  interval.  In  Wyoming  County  and  westward 
from  there  the  Kittanning  sandstone  thickens  to  100  feet,  as  seen  in 
Section  117. 

THE  BUHRSTONE  IRON  ORB. 

Resting  immediately  on  top  of  the  Ferriferous  limestone  there  occurs 
over  a  very  wide  area  a  deposit  of  iron  ore.     In  Pennsylvania  it  is  often 
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underlaid  with  cherty  material,  and  hence  long  ago  received  the  name 
of  "Buhrstone  ore,"  but  it  is  there  also  called  Ferriferous  ore.  In  Ohio 
it  has  a  wide  discribntion  and  is  known  under  several  names,  among 
which  are  "  Baird^  ore,  " Gray''  ore,  "  Limestone"  ore. 

The  ore  generally  lies  in  immediate  contact  with  the  limestone,  in  a 
slab-like  sheet  one-half  to  1  foot  thick,  but  occasionally,  as  in  Lawrence 
County,  Pennsylvania,  on  the  Houck  farm,  it  locally  thickens  up  to  20 
feet,  entirely  replacing  the  underlying  limestone,  while  again  it  is  absent 
over  wide  areas,  or  represented  by  nodules  scattered  through  the  over- 
lying shales.  When  the  F^riferous  limestone  is  absent,  its  place  in 
the  series  can  often  be  correctly  assigned  from  the  existence  of  this  ore, 
as  is  the  case  in  Section  97,  at  I^uzum's  Mills,  West  Virginia.  This  bed 
was  formerly  the  main  ore  from  which  the  charcoal  furnaces  of  western 
Pennsylvania  drew  their  supplies,  and  it  is  still  the  main  feeder  for  these 
furnaces  in  southern  Ohio.  In  northern  West  Virginia  some  iron  ore 
occurs  at  this  horizon  in  Monongalia  and  Prestoh  Counties,  and  a  few 
inches  of  it  may  be  seen  near  the  coke  ovens  on  Glady  Fork,  below 
Thomas,  Tucker  County,  but  in  the  Great  Kanawha  region  and  south- 
ward toward  the  Big  Sandy  it  appears  to  be  completely  absent  as  a 
distinct  stratum,  though  nod  ales  of  iron  sometimes  come  at  this  horizon. 

TUB  FERRIFEROUS  LIMESTONE. 

The  occurrence  of  the  iron  ore  jast  described  resting  upon  a  bed  of 
limestone  over  a  wide  area  suggested  the  name  ''Ferriferous''  which 
the  early  geologists  applied  to  the  limestone  as  well  as  the  ore. 

This  is  the  most  important  and  widely  distributed  limestone  of  the 
entire  Coal  Measare  column,  important  both  in  an  economic  sense  and 
as  a  strati  graphical  horizon  which  with  ordinary  care  can  be  unfailingly 
recognized  by  geologists  as  well  as  anyone  else  interested  in  determin- 
ing the  correct  order  of  the  rocks.  It  differs  from  the  other  limestones 
that  we  have  had  so  far  in  the  Lower  Coal  Measures,  in  being  a  genuine 
marine  deposit,  abounding  in  fossil  cricoids,  corals,  brachiopods,  la-, 
mellibranchs,  univalves,  etc.,  a  list  of  the  more  common  forms  of  which 
is  given  on  pages  46  and  47,  Report  QQ,  Second  Geological  Survey  of 
Pennsylvania. 

In  Pennsylvania  this  limestone  is  confined  to  the  counties  west  from 
Chestnut  Eidge,  attaining  its  maximum  development  in  Clarion,  Arm- 
strong, Butler,  Beaver,  and  Lawrence,  where  it  is  frequently  25  feet 
thick,  or  even  more,  and  seldom  less  than  10  except  it  has  locally 
thinned  away  entirely. 

This  limestone  enters  Ohio  at  Lowellville  on  the  Mahoning  Eiver  with 
a  thickness  of  15  feet,  but  westward  it  changes  very  much  from  its 
Pennsylvania  type,  becoming  reduced  in  thickness,  sometimes  entirely 
absent,  and  occasionally  splitting  into  two  beds  separated  by  15  to 
50  feet  of  shales,  the  lower  one  of  which  has  been  called  the  Putnam 
Hill  limestone  from  its  occurrence  in  an  eminence  of  that  name  at 
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Zanesvllle.  In  one  way  or  another,  however,  it  has  been  satisfactonlj 
traced  by  Orton  across  the  Ohio  field  to  where  it  enters  Kentaeky  froni 
Hanging  Bock. 

A  layer  of  flint  or  "  bnhrstone"  is  often  incorporated  with  the  top  of 
this  bed  in  Pennsylvania,  and  the  same  thing  holds  true  for  Ohio,  bat 
below  this  the  rock  is  generally  gray  for  10  to  16  feet  and  of  great  pur- 
ity, being  especially  prized  as  a  flax  in  the  smelting  of  iron  ore,  and 
nsed  almost  exclusively  for  this  purpose  in  the  Pittsburgh  region.  Tbe 
lower  portion  of  the  stratum  is  generally  of  a  bluish  color,  and  its  layen 
are  shaly,  being  interstratified  with  thin  Alms  of  clay  and  other  impnii- 
ties,  and  occasionally  a  distinct  bed  of  shale  separates  the  blao  layers 
f^om  the  gray  above.  Hence  it  seems  very  probable  that,  as  Prof. 
Orton  once  suggested,  this  shale  layer  probably  increases  in  thicknet^i 
through  some  regions  of  Ohio^  thus  separating  the  upper  portion,  as  the 
<^  Gray  "  limestone,  from  the  lower  or  blue  part,  which  has  been  called  tht 
Putnam  Hill.  On  one  point,  however,  in  this  connection,  the  writer  can- 
not fully  agree  with  Prof.  Orton,  and  that  is  concerning  the  presence 
of  workable  coal  beds  between  these  two  divisions  of  the  limestooe 
There  is  certainly  none  at  Zanesville,  the  typical  locality  for  the  Put- 
nam Hill  limestone  (Section  104),  neither  is  there  any  at  Shawnee  (Sec- 
tion 105),  nor  at  New  Lisbon  (Section  103),  nor  Sprucevale  (Section 
102),  so  that  it  appears  more  probable  that  the  supposed  workable  coal 
between  the  two  layers  of  the  limestone  is  founded  upon  an  error  m 
identification. 

Another  characteristic  of  this  limestone  is  that  when  it  becomes  thin 
and  impure  it  almost  always  exhibits  the  "cone-in-cone''  stmctore, 
though  there  are  other  horizons  in  the  Coal  Measures  which  show  the 
same  feature,  notably  the  Mercer  limestones. 

The  most  northern  point  at  which  this  limestone  has  been  foand  in 
Pennsylvania  is  in  the  southern  portion  of  McKean  County,  wher^ 
Mr.  Ashburner  identifies  with  it  a  siliceous  limestone  occurring  in  tht 
vicinity  of  Clermont. 

In  the  North  Potomac  coal  basin  this  limestone  has  been  seen  by  tht 
writer  near  Gorman,  Garrett  County,  Maryland,  and  also  below  Thomas, 
along  Glady  Fork  of  Black  Water.  In  each  case,  however,  the  deposit 
is  entirely  different  from  the  marine  type  of  western  Pennsylvania  and 
Ohio,  and  resembles  more  the  fresh  water  limestones  under  the  Free- 
port  coals,  since  no  marine  fossils  were  observed  at  either  locality;  ia 
fact  there  is  no  point  in  West  Virginia  or  Maryland  where  the  mariDe 
type  of  this  limestone  is  known  to  exist,  so  far  as  the  writer  is  awaie. 

Along  the  Great  Kanawha  Biver,  in  the  vicinity  of  Cannelton,  a  bed 
of  siliceous  limestone  occurs  75  to  100  feet  under  the  Lower  Kittannin^ 
coal,  and  it  has  been  identified  with  the  Ferriferous  limestone  horizoo 
as  shown  in  Section  115.  It  occasionally  exhibits  the  ^^oone*in-oone* 
structure  but  is  not  fossiliferous. 

Immediately  under  the  Ferriferous  limestone  in  western  Penn^ 
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vania  there  are  ofteu  5  to  10  feet  of  black  fossiliferous  shales,  especially 
when  the  limestone  is  thin  or  locally  wanting,  so  that  the  horizon  can 
thus  be  frequently  recognized  without  the  presence  of  the  limestone 
since  the  fossils  in  the  shales  are  practically  the  same  as  in  the  latter. 

THE  CLARION  COAL. 

Mr.  H.  Martyn  Chance  has  recently  shown  (W,  Second  Geological 
Survey  of  Pennsylvania)  that  the  coal  bed  which  comes  so  close  under 
the  Ferriferous  limestone  in  western  Pennsylvania,  and  was  formerly 
called  the  Scrub-grass  coal,  is  ideally  an  off-shoot  from  the  Clarion,  and 
hence  it  is  unnecessary  to  retain  the  name  Scrub- grass,  which  should 
be  replaced  with  Upper  Clarion. 

The  main  bench  of  the  Clarion  coal  occurs  through  western  Pennsyl- 
vania at  an  interval  of  10  to  30  feet  below  the  Ferriferous  limestone. 
Its  usual  thickness  is  about  3  feet,  though  it  often  swells  to  4  or  5. 
When  well  developed  it  generally  contains  one  or  two  parting  slates,  and 
one  of  them  thickening  up  causes  the  upper  bench  to  approach  the  Fer- 
riferous  limestone,  and  it  was  then  taken  for  a  separate  coal  by  the 
geologists  of  the  First  Pennsylvania  Survey,  but,  as  Chance  suggests, 
this  should  be  called  the  Upper  Clarion  bed  in  view  of  its  origin.  This 
upper  member  is  thick  enough  to  mine  in  only  a  limited  area  around 
the  northern  outcrop  of  the  same  in  Clarion,  Butler,  and  Jefferson  Coun- 
ties. 

The  Lower  or  main  Clarion  bed  is  of  considerable  imx>ortance  m  Penn< 
sylvania,  and  generally  furnishes  sofne  areas  of  good  fuel  in  nearly 
every  county  where  its  outcrop  occurs,  though  as  a  rule  the  coal  is 
rather  high  in  both  ash  and  sulphur. 

In  eastern  Ohio  this  bed  acquires  some  importance  in  the  vicinity  of 
Leetonia  and  New  Lisbon,  and  is  there  often  parted  by  a  vein  of  lire 
clay  1  to  4  feet  thick,  the  upper  coal  alone  being  mined,  and  varying  in 
thickness  from  2^  to  3^  feet.  Prof.  Orton  has  also  shown  that  the  Can- 
field  cannel  of  Mahoning  County  belongs  to  the  horizon  of  the  Clarion 
bed. 

Westward  from  the  eastern  tier  of  Ohio  counties,  the  Clarion  coal 
disappears  according  to  Orton  and  is  of  no  more  importance  until  Vin- 
ton and  Jackson  are  reached,  but  this  conclusion  is  based  upon  his  pres- 
ent view  of  the  Putnam  Uill  limestone,  which  he  once  regarded  as  a 
**  split''  from  the  Ferriferous  of  Pennsylvania,  but  which  he  now  ap- 
pears to  reject,  since  he  puts  the  Clarion  coal  between  this  latter  lime- 
stone and  the  upper  or  "  Gray''  one,  and  identifies  the  coal  underlying 
the  Putnam  Hill  limestone  as  the  Brookville  bed  of  Pennsylvania.  The 
writer  has  elsewhere  expressed  his  doubt  of  the  existence  of  any  work- 
able coal  between  these  two  limestones,  believing  that  the  identifica- 
tions on  which  the  conclusion  was  founded  are  erroneous,  so  that  if  we 
substitute  Clarion  coal  for  *' Brookville"  in  Prof.  Orton's  Ohio  series, 
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all  difficulties  concerning  the  disappearance  of  tbQ  Clarion  coal  between 
eastern  Ohio  and  Perry  County  vanishes,  and  the  Clarion  becomes  one 
of  the  regular  and  persistent  beds  of  the  series  clear  across  Ohio  ;«s  it 
does  in  Pennsylvania.  In  the  Zanesville  section  (104)  the  writer  has 
indicated  his  views  as  to  the  equivalency  of  these  members  of  the  Ohio 
series. 

The  Clarion  coal  attains  its  maximum  thickness  in  Stark  Coantj, 
Ohio,  where  it  is  6  feet  thick  and  a  very  fair  steam  coal,  aooording  to 
Orton. 

In  northern  West  Virginia  this  bed  is  generally  present  in  the  section, 
but  is  usually  slaty  and  too  impure  to  be  valuable,  so  that  it  has  never 
been  mined  in  that  part  of  the  State. 

Section  near  Eagle^  Fayette  County^  We^t  Virginia. — Along  the  Great 
Kanawha  Hiver  a  coal  bed,  which  appears  to  come  at  this  horizon,  has 
been  largely  developed  for  coking  purposes  in  the  vicinit^y  of  Eagle, 
Fayette  County,  and  hence  is  locally  known  as  the  Eagle  vein.  Where 
best  developed  there,  it  varies  from  3^  to  4^  feet  in  thickness,  and  is  a 
splendid  coking  coal,  having  the  following  structure  in  the  viciiiity  of 
Eagle: 

Ft  in. 

Coal 1  2^ 

Shale 0  3      Ft  to. 

Coal 0  3>    4    9 

Shale 0  3 

Coal 2  10, 

In  passing  up  the  Kanawha  from  Eagle  the  upper  shale  partin^ic  of 
this  bed  gradually  thickens  till  at  the  mouth  of  Armstrong  Creek,  3 
miles  above,  it  becomes  20  feet  thick  and  the  coal  has  the  structure  given 
in  Section  115. 

The  interval  between  this  bed  and  the  Lower  Kittanning  varies  be- 
tween 120  and  200  feet  along  the  Great  Kanawha,  thickening  up  to  the 
latter  figures  at  Brownstown  (Section  114),  but  southward  from  this  in 
Wyoming  County  the  interval  swells  still  further  to  230  feet  in  the  vi- 
cinity  of  Oceana,  as  shown  in  Section  117,  where  the  coal  in  question 
has  a  thickness  of  5  to  6  feet  and  is  known  as  the  <<  coking"  vein. 
There  is  evidently  a  wide  area  of  this  coal  between  the  Kanawha  and 
Big  Sandy  Rivers  in  which  it  will  prove  a  valuable  coking  coal. 

A  bed  of  excellent  fire  clay  often  underlies  the  Clarion  coal  both  in 
Pennsylvania  and  Ohio,  being  second  in  value  only  to  the  Kittanning 
clay  above,  and  often  rivaling  it  in  thickness. 

The  interval  below  the  clay  down  to  the  next  coal  bed  (Brookville) 
varies  greatly  both  in  thickness  and  in  the  rock  material  which  occu- 
pies it.  Occasionally  the  series  ends  with  the  Clarion  underclay,  which 
rests  immediately  on  top  of  the  next  lower  or  Conglomerate  Measures, 
while  again,  shales  and  a  sandstone  termed  by  Chance  the  Clarion 
sandstone  occupy  this  interval^  which  in  Pennsylvania  is  seldom  mere 
than  30  to  50  feet  thick.  .  , 
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In  Ohio  the  interval  below  the  Olarion  clay  down  to  the  top  of  the 
Pottsville  Measures  is  seldom  more  than  30  feet,  the  same  being  true 
in  northern  West  Virginia,  as  may  be  seen  from  Sections  96  and  97. 

On  the  Oreat  Kanawha  Eiver  the  inter\ral  from  the  Olarion  or  Eagle 
coal  down  to  the  top  of  the  Pottsville  Measures  thickens  to  nearly  300 
feet,  and  consists  of  a  succession  of  shales  and  sandstones,  in  which 
occur  two  thin  limestones  and  two  or  three  thin  coal  beds.  None  of 
the  latter  attain  a  thickness  of  3  feet,  however,  anywhere  between  the 
Kanawha  and  Big  Sandy  Rivers,  so  that  the  workable  coals  of  this 
series  in  that  region  really  end  with  the  Olarion  (Eagle)  bed. 

Two  or  three  rocks  in  this  interval  of  300  feet  in  southwestern  West 
Virginia  require  more  particular  notice.  One  of  them,  and  the  upper- 
most, is  a  very  pure  seam  of  coal,  which  at  Eagle  comes  only  20  feet 
below  the  main  Eagle  bed,  and  is  1^  feet  thick.  I  have  termed  it  the 
Jjittle  Eagle  coal,  since  it  is  possibly  a  << split"  from  the  main  bed 
above.  To  the  south  it  appears  to  be  quite  persistent,  since  it  occurs 
in  Wyoming  County  in  every  section ;  but  the  interval  separatiug  it 
from  the  Eagle  bed  has  there  swelletl  to  65  feet  (Section  117)  and  the 
coal  has  thickened  to  27  inches  of  the  same  excellent  fuel  as  on  the 
Kanawha. 

THB  BAOLB  LIMESTONE. 

Another  rock  worthy  of  mention  in  this  Kanawha  series  is  an  impure 
limestone  which  occurs  near  Eagle  at  an  interval  of  75  feet  under  the 
[Eagle  coal.  It  is  only  about  1  foot  thick,  quite  dark,  fossiliferous,  and 
exhibits  the  "cone-in-cone"  structure  to  a  wonderful  degree,  being 
locally  known  as  "  black  marble."  The  stratum  is  immediately  under- 
laid by  dark  shales,  which  are  crowded  with  marine  fossils  of  the  samie 
type  as  those  found  in  connection  with  the  Ferriferous  limestone  in 
Pennsylvania  and  Ohio;  in  fact,  so  many  of  the  species  are  identical,  and 
the  limestone  itself  so  closely  resembles  the  Ferriferous  when  thin,  that 
sometimes  I  have  been  inclined  to  think  that  the  two  beds  may  possibly 
be  identical,  though  this  would  seem  to  be  impossible  from  the  structure 
t)f  Section  115,  in  which  the  whole  lower  coal  series  is  exposed  both 
above  and  below  this  stratum.  If  it  should  turn  out  to  be  identical 
with  the  Ferriferous,  however,  then  the  Eagle  coal  would  be  the  Lower 
Kittanning,  instead  of  the  Olarion,  and  the  Oampb ell's  Oreek  bed  the 
Middle  Kittanning,  or  Nelsonville  seam  of  Ohio,  instead  of  the  Lower 
Kittanning.  The  reader  will  understand  the  difficulty  of  correlation 
when  he  remembers  that  the  lower  coal  series  is  less  than  200  feet  thick 
in  the  Hocking  Valley,  Ohio,  while  here,  only  120  miles  southward,  the 
same  series  has  swelled  out  to  1,000  feet. 

The  fossiliferous  type  of  the  limestone  and  its  accompanying  fossilif- 
erous shale  have  never  been  seen  by  the  writer,  except  in  the  vicinity 
of  Eagle,  and  hence  I  have  preferred  to  regard  it  as  a  local  deposit 
below  the  horizon  of  the  Ferriferous,  since  the  fossils  of  the  Lower  Coal 
Measures  have  the  same  general  fades  at  all  horizons. 

Bull.  65 12  X-  T 
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THB  BROOKTILLB  COAL. 

At  the  very  base  of  the  Lower  Goal  Measures,  except  the  intervening 
nnderclay,  there  occurs  in  Jefferson,  Olarion,  and  some  other  coanties 
of  Pennsylvania,  a  bed  of  usaally  slaty  and  otherwise  impare  coal, 
which  was  long  ago  named  the  Brookville  bed,  from  its  supposed  occor* 
rence  near  the  town  of  that  name  in  Jefferson  Goanty.  This  coal  ac- 
quires some  local  importance  around  the  northern  margin  of  the  coal 
field  in  Jefferson,  Glarion,  Butler,  and  Mercer  Counties,  but  southward 
and  westward  it  thins  away  and  is  often  absent  even  as  an  impure  bed, 
there  being  no  coal  whatever  at  this  horizon  where  the  Pennsylvania 
series  enters  Ohio;  and  if  I  am  correct  in  identifying  Prof.  Orton's 
♦'Brookville"  coal,  (VoL  V,  Ohio  Geology)  with  the  Glarion  of  Penn- 
sylvania, then  the  Brookville  coal  is  generally  absent,  or  at  least  sel- 
dom workable  anywhere  in  that  State. 

Very  frequently  the  Brookville  coal  is  represented  in  Pennsylvania 
by  only  a  bed  of  black  slate  or  coaly  shale,  resting  on  the  top  of  the 
Gon glomerate  Measures,  and  this  is  the  case  in  northern  West  Virginia, 
there  being  no  workable  coal  at  this  horizon  anywhere  in  that  State,  so 
far  as  the  writer  is  aware.  Even  in  the  Kanawha^  field,  where  this 
lower  portion  of  the  column  is  so  greatly  thickened,  the  largest  coal 
bed  referable  to  the  Brookville  horizon  is  the  one  in  the  Wyoming 
Gounty  section  (117),  and  this  is  only  22  inches. 

On  the  Oreat  Kanawha  a  bed  of  very  bituminous  shale  (Section  115), 
from  which  lubricating  oil  was  once  manufactured,  may  possibly  repre- 
sent the  Brookville  coal  horizon,  since  it  is  the  lowest  bituminous 
stratum  in  the  series  there. 

Below  this  coal  in  Pennsylvania,  and  resting  immediately  on  the  top 
of  the  Gonglomerate  series,  there  is  sometimes  a  good  bed  of  fire  clay, 
and  Mr.  Ghance  refers  to  this  horizon  the  clay  which  is  mined  so  ex- 
tensively in  Glearfleld  Gounty,  at  Blue  Ball,  Wallaceton,  and  other 
points  along  the  line  of  the  Tyrone  and  Glearfield  Railroad* 
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CHAPTER    VI. 

THE  POTTSVILLE  CONGLOMERATE  SERIES. 
THICKNESS,   OHAEACTEB,  AND  EXTENT. 

Beneath  the  lowest  member  of  the  last  described  series  there  comes 
in  a  group  of  rocks  (No.  XII)  which  are  nearly  always  so  diflferent  from 
those  in  any  other  portion  of  the  Carboniferous  system  that  all  geologists 
Jiave  regarded  them  as  worthy  of  being  placed  in  a  distinct  series.  To 
this  series  several  names  have  been  given.  The  early  geologists  of 
Pennsylvania  called  it  the  "  SeraF  or  "Great''  Conglomerate,  while  in 
Virginia  it  has  generally  been  named  the  Ko.  XII  Conglomerate,  or 
simply  No.  XII.  Prof.  Lesley  has  in  recent  years,  however,  given  it 
the  geographical  designation  of  Pottsville  Conglomerate,  from  the  great 
development  of  the  series  near  the  town  of  that  name,  while  Prof.  Fon- 
taine, following  the  Pennsylvania  custom  of  naming  the  several  coal 
series  after  prominent  rivers  along  which  the  beds  are  exposed,  has 
suggested  the  name  New  River  series,  from  that  region  of  West  Vir- 
ginia where  its  coal  beds  attain  a  great  development. 

But  since  only  one  geographical  name  is  admissible  for  the  series, 
and  as  the  term  Pottsville  is  now  so  well  ingrafted  upon  geological 
nomenclature  through  the  numerous  reports  of  the  Second  Geological 
Survey  of  Pennsylvania,  it  is  thought  best  to  retain  it  for  the  series, 
and  at  the  same  time  retain  New  Eiver  for  the  name  of  the  coal  group 
which  attains  such  prominence  along  that  stream,  thus  putting  it  on  a 
par  with  the  Mercer  group,  which  occurs  in  the  upper  portion  of  the 
series. 

As  exhibited  everywhere  in  Pennsylvania  and  West  Virginia,  this 
series  is  very  sharply  set  off  from  the  Lower  Coal  Measures  above  and 
the  Lower  Carboniferous  below,  since  in  both  cases  there  is  a  great 
change  in  the  lithology,  so  that  the  geologist  finds  no  difficulty  in  deter- 
mining where  the  Pottsville  series  begins  as  well  as  where  it  ends. 

The  series  as  a  whole  possesses  a  large  amount  of  hard,  white,  or 
grayish  white  sandstone,  much  of  which  is  often  conglomeritic.  The 
sandstones  are  harder,  more  compact,  and  siliceous  than  any  in  the 
Lower  Coal  Series  above.  Bowlders  of  these  sandstones  take  a  smooth 
polish  when  rolled  along  river  beds,  but  this  is  not  the  case  with  most 
sandrocks  above  this  horizon. 

The  fossil  contents  are  also  diflferent  from  those  of  any  sandstones 
above^  since  here  for  the  first  time  in  descending  the  column  of  rocks 
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do  we  find  siginarisd  and  the  large  lepidodendra  veiy  abandant  in 
sandjs  tones. 

At  the  base  of  the  series  the  change  in  lithology  and  life  remains  is 
even  more  abrupt,  since  with  the  disappearance  of  the  white  or  gray 
sandstones  and  conglomerates,  limestones,  red  shales,  and  green  mica- 
ceous sandstones  appear,  in  which  plant  remains  are  rare  and  the  fossil 
trees  are  all  small. 

The  Pottsville  being  composed  mainly  of  very  hard  sandstones,  the 
grains  of  which  are  cemented  by  silica  and  peroxide  of  iron,  becomes 
almost  indestructible  by  ordinary  atmospheric  influences,  and  has  thus 
proved  a  most  important  factor  in  determiniug  the  topography  of  the 
Carboniferous  system.  Whenever  these  beds  come  to  the  surface  in 
West  Virginia  and  Peunsylvania,  wild  and  rngged  scenery  is  sore  to 
be  found.  Eapid  rivers,  high  waterfalls,  great  cliffs,  and  barren  re- 
gions generally,  mark  the  lines  where  these  rocks  emerge  to  daylight. 
The  loftiest  peaks  of  the  Alleghany  Mountains  owe  their  origin  to  this 
friendly  mantle,  while  its  npturned  edges  have  p-eserved  many  coal 
basins  from  complete  destruction.  The  deep  gorges,  narrow  cafions, 
and  wild  scenery  of  the  Alleghany,  Youghiogheny,  Cheat,  Mononga- 
hela.  New,  Guyandotte,  and  Big  Sandy  Kivers  are  all  carved  oat  of 
these  roclf  s.  The  Falls  of  the  Yough,  Cheat,  Tygart's  Valley,  Kanawha, 
and  the  '^Houghs"  of  the  Guyandotte  and  Big  Sandy  are  all  made  by 
these  same  beds. 

It  was  formerly  supposed  that  a  vast  sheet  of  pebbly  material  ander- 
laid  all  of  the  true  Coal  Measures,  and  that  it  was  destitute  of  coal; 
but  the  recent  work  of  the  Second  Geological  Survey  of  Pennsylvania 
has  shown  that  the  series  is  very  complex,  consisting  of  several  distinct 
sandstone  members,  between  which  occur  shales,  several  coal  beds,  and 
occasionally  some  limestone. 

In  Ohio  it  happens  that  the  upper  members  are  not  so  massive  as  in 
Pennsylvania  or  West  Virginia,  while  the  coal  beds  which  are  promi- 
nent only  around  the  margins  are  well  developed  there,  so  that  the 
Ohio  geologists  have  classed  the  upper  portion  with  the  Lower  Coal 
Measures,  and  retained  only  the  lowest  member  of  the  series,  viz,  a 
stratum  termed  the  Sharon  Conglomerate,  as  the  representative  of  the 
whole  series  elsewhere.  I  shall  show  in  the  following  pages  that  the 
whole  series  is  easily  recognized  in  Ohio,  and  that  the  western  Penn- 
sylvania type  of  these  measures  can  be  traced  across  Ohio,  and  bence 
for  the  sake  of  uniformity  in  nomenclature  the  Ohio  geologists  should 
cut  off  100  to  150  feet  from  the  bottom  of  their  Lower  Coal  Measure 
column  and  combine  it  with  the  Sharon  Conglomerate  below,  thus 
making  several  members  for  the  series  instead  of  a  single  stratum. 

The  coals  of  the  Pottsville  series,  nnlike  those  in  the  measures  above, 
are  persistent  and  valuable  only  around  the  margins  of  the  Appalachian 
coal  field,  and  for  the  most  part  only  where  their  outcrops  are  above 
the  level  of  the  principal  drainage  streams,  so  that  the  conditions  for- 
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merly  supposed  to  apply  to  the  Lower  Coal  Mieasures  do  actually  pre- 
vail with  reference  to  the  coal  in  this  series,  since  hundreds  of  carefully 
kept  well  records  testify  to  the  absence  of  any  workable  coal  beds  in 
this  series  over  all  except  the  outer  rims  of  the  Appalachian  field. 
This  same  fact  is  visible  to  the  eye  in  passing  inward  toward  the  center 
of  the  field  down  any  one  of  the  great  rivers  which  drain  into  the  Ohio. 
The  Sharon  coal  disappears  southward  along  the  Shenango  and  Mahon- 
ing rivers  long  before  its  horizon  dips  down  to  water  level;  the  New 
Biver  coals  fade  out  of  the  section  before  their  outcrops  touch  the 
stream  to  the  north ;  the  great  bed  at  Pocahontas  does  not  extend  in- 
definitely down  the  Guyandotte  and  Tug  rivers,  but  only  '20  to  30  miles, 
until  it  dwindles  away  to  a  bed  too  thin  to  mine,  so  that  should  a  shaft 
be  sunk  to  these  beds  30  or  40  miles  from  their  southern  or  northern 
outcrops  respectively,  the  same  massive,  pebbly,  white  sandstones 
would  be  found,  but  instead  of  inclosing  valuable  coal  beds  they  would 
bold  only  thin  streaks  of  coal  and  some  black  slates. 

Another  peculiarity  about  these  intercon glomerate  coals  is  the  great 
difference  in  quality  between  those  around  the  southern  rim  of  the  Ap. 
palachian  field  and  those  around  its  northern  border,  forin  western  Penn- 
sylvania and  across  Ohio  they  are  all  bpen  burning,  hard,  and  generally 
known  under  the  name  of  "  block  ^  coals,  which  can  be  used  in  furnaces 
in  the  raw  state,  while  to  the  south,  through  West  Virginia,  Virginia, 
and  on  into  Tennessee  a<id  Alabama,  these  same  coals  are  very  soft 
and  tender,  always  cementing  and  making  good  coke.  This  difference* 
is  connected  with  different  conditions  of  accumulation,  there  probably 
being  less  moisture  in  the  great  peat  swamps  at  the  north,  and  the 
vegetable  accumulations  taking  place  not  under  water,  but  partially  at 
least  in  the  open  air.  This  much  would  be  indiqated  by  the  innumer- 
able films  of  mineral  charcoal  which  characterize  the  northern  coals 
and  render  them  non-cementing.  To  the  unequal  rate  of  subsidence  on 
the  two  sides  of  the  Appalachian  basin  is  doubtless  owing  the  condi- 
tions which  brought  about  the  difference  in  the  character  of  the  coals. 

Another  peculiarity  is  the  great  purity  of  these  early  formed  coals, 
their  freedom  from  injurious  quantities  of  ash  and  sulphur,  both  at  the 
north  and  south.  This  also  appears  to  be  due  to  the  conditions  attend- 
ing their  deposition  rather  than  to  any  difterence  in  vegetable  tissues, 
since  just  previous  to  the  spread  of  these  early  coal  marshes  the  whole 
Appalachian  region  was  sheeted  with  a  thick  layer  of  clean  gravel  and 
white  sand,  thus  eftectually  covering  up  the  muddy  deposits  of  a  former 
epoch  and  causing  the  streams  which  drained  into  the  peat  bogs  of  that 
time  to  be  pure  and  clear  like  our  own  mountain  brooks  of  the  present. 

The  thickness  of  the  Pottsville  series  varies  greatly  in  different  por- 
tions of  the  Appalachian  basin.  In  the  bituminous  regions  of  Penn- 
sylvania, and  everywhere  in  Oliio,  they  rarely  exceed  300  feet  and  sel- 
dom go  below  150  5  but  south  westward  through  West  Virginia  they 
begin  to  swell  out,  reaching  700  feet  at  the  head  of  Black  Water,  in 
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Tucker  County ;  1,400  on  the  New  Biver  in  Fayette,  and  probably 
1,800  at  the  Kentucky  line  on  the  Tug  Biver,  in  McDowell*  IMap  Sec- 
tion G  will  exhibit  the  manner  and  rate  at  which  these  beds  thicken 
southeastward  from  their  northwestern  outcrop  in  Ohio.  The  data  for 
its  construction  were  obtained  fh)m  surface  measurements  and  oil-well 
borings,  several  of  which  have  been  recently  made  along  the  Great 
Kanawha. 

This  series  is  also  the  repository  of  much  salt  water,  as  well  as  some 
oil  and  gas.  The  celebrated  brines  on  the  Great  Kanawha,  as  well  as 
at  Pomeroy  and  many  other  localities  along  the  Ohio  Biver,  come  in  its 
basal  members,  while  the  <<  first  gas  sand"  of  the  Gannonsburg  and 
Hickory  region  of  Washington  Gounty,  Pennsylvania,  is  found  in  the 
upper  half  of  the  same.  This  rock  is  also  gas-bearing  near  Glover's 
Gap,  on  the  Dodd  farm,  and. near  Mannington,  Marion  Gounty,  West 
Virginia,  on  the  Snodderly  farm. 

We  shall  now  give  a  number  of  sections  in  different  portions  of  the 
Appalachian  field,  illustrating  the  character  and  thickness  ofthePotts- 
ville  series,  and,  as  with  the  Lower  Goal  Measures,  shall  begin  at  the 
northeastern  end  of  the  field  and  proceed  southwestward  to  the  Ken- 
tucky line. 

iSection  in  Fox  Townshipy  Elk  County,  Penmylvania, — ^The  following 
section  (Fig.  122)  exhibits  the  structure  of  these  beds  in  Fox  Township, 
Elk  Gounty,  Pennsylvania,  as  given  by  Ashburner  (Beport  EB,  p.  186, 
Second  Geological  Survey  of  Pennsylvania) : 

Fox  Townshipf  Elk  County,  Pennsylvania. 

[See map,  Dr.] 

FlLim, 
1.  Sandstone,  Homewood 85 

iCoal r    2'M 
cilate,  black 0'    3" 
Coal 1'    6"^ 4     8 
ttlate,  black C    3" 
Coal V    6"J 

8.  Slateandflre  clay 15 

SCoal V    8") 
Slate 3'    0"> 5 
Coal 1 V    8") 

6.  Sandstone  Conoquenessing 60 

6.  Shale  and  slate 10 

7.  Conglomerate SO 

8.  Shalee  of  No.  XI 


U 


Fig.  122.— Section 
in  Fox  Town- 
ship, Elk  Coan> 
ty.Pa. 


Total. 


170     7 


As  will  be  observed,  tbe  series  is  thin  in  this  region,  and  it  seems  to 
decrease  still  more  in  Tioga  County  further  to  the  northeast,  where  it  is 
less  than  100  feet  and  all  in  one  solid  bed. 

Section  at  Clearfield^  Clearfield  County,  Pennsylvania. — ^At  the  town 
of  Clearfield,  in  the  county  of  the  same  name,  a  well  was  once  bored  for 
salt.  It  begins  near  the  top  of  these  measures,  and  the  record  shows  the 
following  structure  (Fig.  123),  as  given  in  Beport  H,  Second  Geological 
Survey  of  Pennsylvania: 
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Fio.  123.— Section  at 
Clearfield,  Clear- 
field County,  Pa. 


Fio.  125. —  Section 
near  Patton  Sta- 
tion, Clarion 
County,  Pa. 
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Clearfield^  Fennsylvaniaj  from  boring, 

iSeemap.Es.]  Ft. 

Sandstone,  ferraginons G2 

Sandstoae,  brown. , IB 

Sandstone,  light  colored .' 12 

Sandstone,  coarse,  iron-stained 6 

Slate,  black,  mixed  with  sand. 

Sandstone,  iron-stained,  crumbly 

Slate,  soft  gray 

Sandstone,  iron-stained,  crumbly 20 

Sandstone,  white • 10 

Sandstone,  grayish  white 20 

Slate,  dark 

Sandstone,  light  gray 

Shales,  and  red  beds  of  No.  XI. 

Total - 
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37 
13 

50 

15 
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Section  near  BrooJcville,  Jefferson  County, 
Pennsylvania. — In  the  viciuity  of  Brook- 
ville,  Jeflferson  County,  Pennsylvania, 
these  beds  exhibit  the  following  structure 
(Fig.  124),  as  learned  from  surface  obser- 
vations combined  with  the  record  of  the 
Brookville  Gas  Oompany^s  well  No.  2 : 

Brookvilley  Jefferson  Counitfj  Pennsylvania, 

[See  map,  E  p.]  FL  in, 

1   Sandstone,  massive,  Homewood 75 

2.  Shales  and  sandstone 30 

8.  Coal     0 

4.  Fireclay 5 

5.  Sandstone,  massive 70 

fl.  Concealed 10 

7.  Sandstone,  masalTe 00 

8.  Slate 20 

0.  Sandstone,  hard 46 

10.  Slate 4 

11.  Sandstone,  hard 22 

12.  Bedshales.ofNo.  XL 


yltst 


Total 372     2 

Here  the  series  has  thickened  considera- 
ably,  and  the  triple  structure  of  its  sand- 
stones so  often  found  in  Pennsylvania  be- 
comes prominent.  N  o.  4  appears  to  occupy 
the  horizon  of  the  Mount  Savage  fire  clay. 

Section  near  Patton  Station.  Red  BanJc  ,. 
Toionshtp.  Clarion  County.  Pennsylvania. —  u  .^p  biooUvH]*, 
isear  Patton  Station,  Bed  Bank  Township,  ty,  Pa. 
Clarion  County,  Pennsylvania,  the  rocks  of  this  series 
exhibit  the  following  structure  (Fig.  125),  according  to 
Mr.  H.  Martyn  Chance  (Report  W,  p.  116,  Second 
Geological  Survey  of  Pennsylvania) : 

Patton  Station,  Bed  Bank  Townshipy  Clarion  County,  Pennsylvania, 

I  See  map,  Eo.]  F4€t 

1.  Sandstone,  hard,  massive,  Homewood 40 

2.  Shale,  with  a  streak  of  coal 20 

3.  Iron  ore  bed .' 1 

4.  Shale 16 

6.  Sandstone 26 

6.  Shale,  with  kidney  iron  ore 35 

7.  Sandstone  and  shale 50 

8.  Shale,  with  sandy  layers  and  ore  balls 40 

0.  Sandstone,  with  interbedded  tliin  shiJes 40 

10.  Bed  shale.  

Total ^ ^gi^ilbv-VjQO.     206 
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Section  at  Kellershurg^  Armstrong  County^  Pennsylvania, — Near  Kel- 
lersburg^  Armstrong  County,  Pennsylvania,  these  measnres  have  the 
following  structure  (Fig.  126),  according  to  Mr.  William 
G.  Piatt  (H  6,  p.  194,  Second  Geological  Survey  of 
Pennsylvania): 

Section  at  KelJenhurgf  Armstrong  County ^  Pennsylvania. 
[See  map,  F  o.] 

L  Sandstone,  massiTe,  Homewood 

a.  Shales 

8.  Sandstone '. 

4.  Coal  (Meroer  group) 

6.  Shales  with  iron  ore p... 

0.  Fire  clay. .M. 

7.  Shales.. 

8.  Sandstone  (Connoqnen easing) ..«•      150 

9.  Coal  (New  RiTer  group) 

VS.  CUy 

IL  Shales .• 

IS.  Sandstone 


21 
10  S 
Ml 


Total., 


313     4 


Here  two  prominent  coal  horizons  are  represented  by 

mere  streaks,  the  upper  one  being  that  of  the  Mercer 

group  of  western   Pennsylvania  and  Ohio,  while  the 

lower  is  the  Sharon  coal  horizon  of  the  latter  States 

and  the  New  Biver  group  of  West  Virginia. 

Keiiershnrg.  Arm*      Section  Under  Pittsburgkj  Pennsylvania. — Under  Pitts- 

sirong    onty,  Pa.  |J^J.gJ^^  Pennsylvania,  we  learn  the  structure  of  this 

series  from  the  careful  record  (Fig.  127)  of  the  Jones  &  Laughlin  gas 

well  No.  2,  as  given  in  the  Pennsylvania  Geological  Survey,  1886,  p.  734 : 


Fig.    127  —Section 
onder  Pittsburgh, 


Under  Pittshurghf  Pennsylvania;  horing, 

[See  map,  I  m.] 

.  FeeL 

1.  Sandstone,  white,  masflire,  Homewood 45] 

2.  Slate,  black,  trace  of  coal 15 1 

3.  Slate,  dark,  with  sand  shelU.^ 20  j 

4.Goaland  slate,  with  white  sandstone.. 

6.  Sandstone,  grayish  white,  fine 

6.  Coal,  coal  slate,  and  white  sandstone 

Sandstone  and  black  slate 18) 

Sandstone,  grayish  white,  slate  in  center 42  j 

Sandy  shale,  dark • 10  J 

Coal 

Sandy  shale,  dark « 

12.  Coal _ 

18.  Sandy  shale,  dark 

14.  SandsUfce  and  black  slate 

16.  Slate,  black,  sandy,  trace  of  coal 

16.  Limestone,  Lower  Carboniferous. 


Total  . 


FuL 


5 

6 

10 

79 

Trace. 
20 

1 
S 
7 

T 


307 


Section  under  Murraysville,  Pennsylvania. — Under  Murraysville,  West- 
moreland Ooonty,  Pennsylvuuia,  the  structure  is  thus  exhibited  (Fig. 
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128)  by  the  record  of  the  Philadelphia  Company's  gas  well  No.  49, 
McCutcheou  farm,  accordiug  to  William  S.  Steveuson, 
assistant  superintendent  of  the  company: 


Under  Murrayaville,  Westmoreland  County y  Pennsylvania  (boring). 

[See  map, In.]  Feet. 

1.  Sandstone,  gray,  hard,  close 30 

2.  Slate,  black,  soft , 

3.  SandfltoDO,  gray,  bard,  close 

4.  Slate,  black,  soft 

5.  Sandstone,  gray,  hard,  close 

«.  Slato,  black,  soft 

7.  Bed  shale  of  No.  XI. 


12 
50 
8 
90 
45 


Total. 


235 


Fio.  128.— Section  un- 
der  MurraysTllle. 


1.  Sandstone, 
Homewood 


Sectiominder  Washingtoii,  Pennsylvania. — Under  Wash- 
ington, Pennsylvania,  the  structure  is  thus  given  (Pig. 
129)  by  Prof.  Linton  from  the  careful  record  he  kept  of 
the  Thayer  oil  well  (Geological  Survey  of  Pennsylvania, 
p.  765, 1886): 

Under  Washin^toUf  Pennsylvania  (boring), 

[See  map,  J  k.]     -  FL  in.      Ft  in. 

rSandatone,  fine  gray O') 

f  Sandstone,  w  bite  lulcaceous . 


.  32' ( 
17' f 
29'i 


87 


1     6 

110      6 

2 
29 


iifl%" 


.  ]  Sandstone,  white  and  dark  mixed 
(Sandstone,  whit«,flne 

2.  Coal 

3.  Sandstone,  white,  hard,  salt  water 66 

4.  Sandstone,  fine,  white  and  dark 15 

5.  Shale,  very  dark,  hard  shells 13 

6.  Sandstone,  white,  fine 10 

7.  Shale,black 4 

8.  Sandstone,  white,  fine 2 

9.  Shale,  black,  and  coal 

10.  Sandstone,  close  grained 1 

11.  Shale  and  slate 13 

12.  Shale  and  shells 15        ) 

18.  Shale,  black,  top  of  Lower  Carboniferons  beds. 

Total 230 

Here,  as  at  Pittsburgh  (Section  127),  a  careful  rec- 
ord discloses  thin  representatives  of  the  Mercer  and 
New  River  coal  groups  Nos.  2  and  9,  re- 
spectively. 

Section  in  Broad  Top  basing  Huntingdon  County j  Penmyl- 
vania, — In  the  Broad  Top  basin  of  Huntingdon  County, 
Pennsylvania,  the  structure  of  these  beds  is  as  follows 
(Fig.  130),  according  to  Report  T*,  p.  69,  Second  Geo- 
logical  Survey  of  Pennsylvania: 

Broad  Top  lasin,  Huntingdon  County ,  Pennsylvania, 
[See  map.  It.] 


Fio.  129.— Section  un- 
der Washington,  Pa. 


Fig.  130.»Section 
in  Broa<l  Top 
basin,  Hunting- 
don County,  Pa. 


Feet. 

1.  Sandstone,  slightly  pebbly,  Homewood 50 

2.  iShales,  with  a  coal  bed 26 

3.  Sandstone,  pebbl}' .♦iO 

4.  Shales,  with  a  coal 10 

&.  Sandstone,  pebbly 25 


Total 160 


The  triple  structure  of  the  sandstones  with  intervening  coal  horizons 
is  noteworthy  here.  Digitized  by  Google 
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Section  near  Wellershurg^  Pennsylvania, — At  the  northern  end  of  the 
Georges  Creek  or  Cumberland  coal  basin,  near  Wellersburg,  Somerset 
County,  Peqnsylvania,  these  beds  show  the  following 
structure  (Fig.  131)  in  the  gap  of  Gladden's  Bun, 
through  the  easternmost  ridge  of  the  Alleghanies : 

Gladden^s  Jiun,  Somerset  County,  Pennsylvania. 
[See  map,  L  q.  ]  - 


mV 


Ft.  in 

1.  Sandstone,  maiwive,  Homewood 

2.  Coal,  Mount  Sava;;e    

3.  Fire  clay,  Mount  Savage 7    6 

4.  Sandstone,  pebbly 125 

5.  Sandstone,  dark, 'shaly 10 

6.  Shale 1 

(Coal C 

7.  Coal <Slate (K 

(Coal C    3" 

8.  Fire  clay,  impare,  sandy 10 

9.  Shales,  dark,  with  iron  ore 20 

10.  Sandstone,  massive 85 

11.  Red  beds  of  Hlo.  XL 


3") 


FLim. 

75 

4 

143    6 


0    8 


65 


Total 288   2 


Fio.  131.— Section   near 
Wellersburg,  Pa. 


This  section  shows  the  horizon  of 
the  famous  Mount  Savage  fire  clay  to 
be  in  the  Mercer  coal  group.  No.  4 
represents  the  Connoquenessing  sand- 
stones, while  No.  7  is  probably  at  the 
horizon  of  the  Sharon  coal. 
Section  near  Piedmont  and  Westernportj  Mineral  County, 
West  Virginia. — The  Pottsville  conglomerate  beds 
thicken  very  rapidly  in  passing  southward  from  the 
Pennsylvania  line  through  Maryland  and  West  Virginia 
along  the  Alleghany  Mountain  region.  This  is  shown 
by  the  following  section  (Fig.  132),  taken  on  the  North 
Potomac,  at  Piedmont  and  Westernport,  where  that 
stream  cuts  through  the  East  Front  Bidge  of  the  Alle- 
ghanies : 

Near  Piedmont^  Mineral  County,   West  Virginia, 
[See  map,  N  p.] 


Ft. 


45] 
401 
80} 

40C 
46) 


Ft.  in. 

20 

2 


1.  Sandstone,  massive,  Horaewood ■ 

2.  Coal 

3.  Shales,  dark,  containing  fossil  plants 

4.  Sandstone,  hard,  massive 

6.  Shales,  and  concealed 80  > 

6.  Sandstone,  flaggy 10  I 

7.  Shale 2j 

8.  Coal 

9.  Fire  clay,  dark,  sandy 12 

10.  Sandstone,  flaggy 

11.  Coal 

12.  Shale,  with  nodular  iron  ore 2 

13.  Shales  and  flaggy  sandstone 

14.  Sandstone,  white,  pebbly,  very  hard 

15.  Shale,  with  streaks  of  coal 

16.  Concealed  shales  and  sandstones 145] 

17.  Sandstone,  massive 10 

18.  Shales,  bituminous 10  J-  195 


127 

1 

22 
1 

87 

5 


19.  Sandstone,  flaggy 10  I 

20.  Sandstone,  massive 20j 

21.  Coal 

22.  Sandstone 

23.  Fire  clay  and  shale 

24.  Sandy  shales  to  top  of  No.  XI  red  beds 


Total. 


.gtttz( 


^8y^ 


Fio.  132.— Seott«a 
near  Piedmoatk 
Hineral  0»«at9. 
"W.Vft. 
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4Xf 


znr 


263 


2 


143 


Section  on  Black  Fork  of  Cheat  Biver^  Tucker  County, 
West  Virginia. — In  Tucker  County,  West  Virginia, 
50  miles  south-soutliwest  from  Piedmont,  in  the  gap 
made  by  the  Black  Fork  of  Cheat  River  through  the 
central  portions  of  the  Alleghany  Mountains,  these 
beds  exhibit  a  much  greater  thickness  than  at  Pied- 
mont, as  will  be  seen  by  the  following  section  (Fig. 
133)  made  there  by  Mr.  James  Parsons,  chief  engi- 
neer of  the  West  Virginia  Central  Eailroad : 

Mouth  of  North  Fork  of  Black  Water,  Tucker  County,  West  Vir- 
ginia. 

[See  map,  P  o.] 

Ft  in.         Ft.  in. 

1.  Sandstone,  Homowood 40 

2.  Coal,  sUty  and  bitnminoas  shale 7 

3.  Shale,  dark 9         | 

4.  Sandstone,  massive,  pebbly 228 

5.  Brown  shale 20 

i^^irf  6.  Coal  (Nattall) 

7.  Shale,drab 10 

8.  Sandstone,  massive 47 

9.  Shales  with  iron  nodalea 28 

10.  Fireclay 2 

11.  Shale 4 

12.  Sandstone,  fine  grained,  flaggy 30 

Mir        13.  Shale 0 

M.Coal 0     6 

15.  Shale 24         1 

^:W  16.  Sandstone,  massive 66  J.  132 

17.  Sandstone  and  shales 43 

1&  Coal 0     8 

19.  Shale,  brown 22 

20.  Coal 1      2 

21.  Bitaminons  shale,  with  coal  streaks 6    •    >    M    10 

22.  Brownshale *. 26 

23.  Coal 1 

24.  Bitaminons  shale,  with  coal  streaks 3 

25.  Shale...  32         | 

26.  Sandstone,  massive 35         S    87 

27.  Shale,brown 20         J 

28.  Bed  beds,  top  of  No.  XI. 

ToUl 733    10 

Here  we  find  the  entire  interconglomerate  coal 
group  represented.  No.  2  comes  apparently  at  the 
Mercer  horizon  and  is  the  ^^  Railroad  "  vein  along  the 
Potomac. 

No.  6  comes  at  the  horizon  of  the  Nuttall  bed  of  New 
River,  while  Nos.  14  to  24  represent  the  lower  ones 
Fxo.  133.— Section  at  along  that  Stream  as  wcU  as  the  great  Pocahontas  vcin 
iKSS'w^w^fvJ^*'^  of  McDowell  and  Mercer  Counties,  ^e^st  Virginia,  l^ 


mV 
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Section  near  Bottleshuxg^f  West  Virginia, — A  fine  section  of  the  Con- 
glomerate coals  is  exposed  in  the  cuts  of  the  Baltimore  and  Ohio  Bail- 
road,  near  the  summit  of  Cheat  Eiver  grade,  4  miles  west  from  Bowles- 
burg,  Preston  County,  West  Virginia  (Fig.  134) : 


Along  ike  Baltinu)re  and  Ohio  Railroad^  Cheat  Rirer  grade,  fen 
milee  tceet  from  Rowleehurgj  Preston  County,  Went  Virginia, 


[SeemftPfK  n.] 


FL  in. 


1.  Sandstone,  massive,  coarae, 

2.  Coal 


jrellowish,  Homewood 

5" 


■5?r^^r 


mi^t 


i*' 


sftfer 


toarae,  y< 

(Coal 0'  5") 

.  <  Shalea,  sandj 6'  0"  > 

(Coal C  6"J 

3.  Shales,  brown,  sandy 

4.  CbHl,8laty 

6.  Shales 3 

6.  Sandstone,  massive '2& 

7.  Sandstone,  flasKY ^^ 

8.  Sandstone,  massive,  grayish  white 20 

9.  Sandstone,  tiaggy 8 

10.  Shales,  brown 4 

11.  Sandstone,  grayish  white , 20 

12.  Ubale,brown 3 

(Coal V  5" 

Shale,  gray 4'  0^' 

Coal 0'  4" 

Shales,  drab,  sandy. . .  S'  0" 

Iron  ore C  6" 

Shales ^  0" 

Coal 1'  0" 

Shales 10'  0" 

Coal 0'  4" 

Shales,  brown,  sandy. 25'  0" 
Coal ce" 

14.  Shales.brown , 20 

15.  Sandstone 15 

1«.  Shales,  buff,  sandy 20 

17.  Sandstone,  maHsive,  pebbly 20 

18.  Concealed,  and  shaleH 20 

19.  Top  of  No.  XI,  red  shales. 


FL  C«. 

6    It 

45 
2 


IS.  New  River  coal  beds. 


S5     1 


ToUl. 


Fia.  134.— Section  near 
Bowlesburg,  W.  Va. 


Nos.  2  and  4  represent  the  Mercer  coal  group,  Xoa. 
6  to  12  the  Connoquenessing  sandstones,  while  No. 
13  represents  the  New  Eiver  coal  group. 
Section  near  mouth  of  Sandy  CreelCj  Preston  Cotinty,  West  Tirginia, — 
Farther  northwest,  down  Cheat  Biver,  and  in  the  center  of  the  Ligonier 
basin,  the  Pottsvillp  series  exhibits  the  following  struc- 
ture (Fig,  135)  near  the  mouth  of  Sandy  Creek,  Preston 
County,  West  Virginia : 

Near  month  of  Sandy  Creek,  on  Cheat  Biver,  Preston  County,  JTest 

Virginia. 

[See  map.  Mm.] 


bI 

^1 

1*' 

FL 


'i\- 


Ft,  in, 

160 
10 


15  i 


1    6 


37 


1 

IS 


1.  Sandstone,  massive,  very  pebbly  near  middle  . . 

2.  Shales,  dark 

(Coal 0'  10' 

3.  Coal <Shale C    3' 

(Coal 0'    6' 

4.  Fireclav 

5.  Slate,  black,  fissile 

6.  Sandstone,  gray 

7.  Shale,  with  streak  of  coal 

8.  Sandstone,  frrayish  white 

9.  Gri'i'n  and  rod  'shales  of  No.  XI.  

Total 324    6 

Here,  as  frequently  happens,  the  Mercer  coal  group 
disappears  entirely,  while  the  Homewood  and  Conno- 
n^'armonthofsandy  qucuessing  sandstoucs  unltc  into  one  solid  mass.  Noe. 
co^t^'w.vii^'*"  3  to  7  represent  the  New  Eiver  coal  group,  gl^ 
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Seetion  on  BooWs  Creek^  Taylor  County.  West  Virginia. — The  struc- 
ture of  the  PottsviUe  beds  in  the  region  along  the  line  between  Taylor 
and  Marion  Counties,  West  Virginia,  is  learned  from  a 
boring  made  for  oil  on  Bpoth's  Creek,  Taylor  County,  by 
Mr.  John  L.  Steele,  to  whom  I  am  indebted  for  the  fol- 
lowing record  (Fig.  136): 

Boothia  Creek  J  Taylor  County^   West  Virginia  (boring), 

[See  map,  01]  Ft. 

1.  Sandfltone,  hard,  white,  pebbly '. 150 

2.  Black  slate 15 

3.  Shale,  gray  and  sandy 20 

4.  Shale,  black 16 

5.  Shale,  i^ray,  sandy 20 

6.  Sand,  gray,  pebbly 10 

7.  Ked  be<l8  of  No.  Sil. 


Total. 


23» 

Here  the  structure  is  very  much  like  that  of  the  pre- 
vious section  on  Cheat  Biver,  and  the  thickness  is  also 
nearly  the  same. 

Section  under  Clarksburg,  West  Vir- 
ginia. — Under  Clarksburg,  Harrison 
County,  West  Virginia,  the  succession  is 
given  as  follows  (Fig,  137),  from  the  rec- 
ord of  the  Despard  gas  well,  on  the  authority  of  Prof. 
T.  M.  Jackson : 

Clarksburg^  Weai  Virginia  {gas  well). 


no.  138.— Section 
on  Booth's  Creek, 
Taylor  County, 
W.  Va. 


!■■; 


[See map,  Ok.] 


1.  Sandstone,  black  

2.  Sandstone,  white 

3.  Sandstone,  gn^y 

4.  Sandstone,  white 

5.  Sandstone,  gray 

6.  Sandstone,  dark 

7.  Shale,  black 

8.  Sandstone,  white 

9.  Sandstone,  irray 

10.  Red  beds  of  No.  XI. 


FL 

20  1 
30  1 
50  f 
62  1 
8J 


Total. 


Ft. 


174 


72 
7 
3 


256 


^ 


7f 

Fio.  137.~Section 
under  C  larks* 
burg,  W.  Va. 


Section  near  Farmington^  West  Vir- 
ginia.— Under  the  central  portion  of 
Marion  County,  West  Virginia,  the 
structure  is  shown  by^  the  record  of  the 
Hukill  oil  boring  near  Farmington  (Fig.  138),  as  given 
in  Second  Geological  Survey  of  Pennsylvania,  1886  (pp. 
782,  783) : 

Farmington,  West  Virginia  {oil  boring). 

[See  map,  ML] 

Ft. 

1.  Sandstone 100 

10 

17' 

70 

12 


Pio.  IS&^Seetion 
near  Farmington, 
W.Va. 


2.  Shell 

8.  SUte 

4.  Bhick  slate 

5.  Sandstone 

6.  Bed  beds  of  Ko.  XL 


Total. 


Digitized  by 
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Section  under  WelUburg,  West  Virginia. — Under  Wellsburg,  Brooke 
County,  West  Virginia,  the  Barclay  gas  well  No.  1  gives  the  following 
(Fig.  139)  for  these  beds  on  the  authority-  of  Mr.  Bar- 
clay: 


Welliburgy  West  rtrginia  (gas  hoHng). 
(See  map,  J  J.] 


1.  Sandstone,  white . 

2.  Sandstone,  pray  . « 

3.  Sandstone,  bloe . . . 

4.  Coal 

5.  Slate  and  shale... 


Ft 
75  1 


\       1*5 


40  j 


C 
21 


Total. 


Fig.  139.— Section  un- 
der Wellsburg,  W. 


The  coal  reported  in  this  section  comes  at  the  hori- 
va.  "         zon  of  the  Sharon  bed  of  Ohio  and  Pennsylvania,  but 

it  was  probably  nearly  all  coaly  slate  or  else  a  local  thickening,  since 
other  borings  put  down  in  this  region  do  not  report  it  at  all. 

Section  in  Mercer  County^  Pennsylvania. — Along  the  northwestern 
margin  of  the  Appalachian  field  in  the  counties  of  Lawrence  and  Mer- 
cer, bordering  the  Ohio  State  line,  a  series  of  workable  coal  beds  make 
their  appearance  in  the  Pottsville  series  and  extend  along  the  margin 
of  the  field  clear  through  to  southern  Ohio.  The  general  section  of  the 
Pottsville  series  of  Mercer  County,  Pennsylvania,  given  in  Q^  (  p.  33), 
Second  Geological  Survey  of  Pennsylvania,  shows  the  succession  of 
these  coal  groups  as  follows  (Fig.  140) : 

Mercer  Countyy  Pennaylvania. 


Fio.    140— Section    in 
Mercer  County,  Pa. 


[See  map,  £  k.] 

Ft  in. 

1.  Sandstone,  Homewood 

2.  Shales 

3.  Iron  ore 

4.  Limestone,  Mercer,  Upper 

5.  Coal,  Mercer,  Upper 2     6 

6.  Shales 26 

7.  Iron  ore 2 

a  Limestone,  Mercer,  Lower 2     6 

9.  Shales 10 

10.  Coal,  Mercer,  Lower 2     6 

11.  Shales Ifi 

12.  Ironore 1 

13.  Shales 5 

14.  Sandstone,  Connoquenesslng,  Upper 40 

15.  Shales  with  iron  ore 10 

le.  Coal,  Quakertown 

17.  Shales 40 

18.  Sandstone,  Connoqnenessinjc,  Lower 30 

19.  Shales,  Sharon,  iron  hearing 30 

20.  Coal,  Sharon 

22.  Fire  clay  and  shales 

23.  Sharon  Conglomerate,  base  of  No.  XII 

Total 


FL 

SO 

5 

2 

2 


44      C 


100 

4 

5 

20 

901 
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Section  near  Quakertowrij  Mahoning  County^  Ohio. — Where  the  Ohio- 
Pennsylvania  State  line  crosses  the  Mahoning  River,  near  Quakertown, 
these  beds  exhibit  the  following  structure  (Fig.  141) : 


'^^^' 
^M"" 


16. 

17. 
18. 
10. 


Fio.  Ul.— Section  near 
Qaakertown,  Ohio. 


Ohio- Pennsylvania  line  on  Mahoning  River, 

ISeemap.Fk.]  jpY-tn. 

Homewood  sandstono 

Concealed 

Limestone,  Upper  Mercer 2 

Fireclay >....        6 

Sandstone,  shaly 8 

(/oal,  slaty,  Middle  Mercer 1    3 

Fire  clay  and  sandy  shales 5 

Limestone,  Lower  Mercer 1 

Shales 0    « 

Coal,  Mercer,  Lower 0    8 

Fireclay 3    6 

Shales,  sandy 7 

Ssndstone,  Connoqnenessing,  Upper 46 

Coal,  Qnakertown , 

Fireclay  and  shales 

{Sandstone 17' 
Shales 12' 
Sandstone,  flaf^^y 40' 
Sandstone,  nias^tive 'M' 

Blue  shales,  with  iron  ore  balls , 20 

Sandstone,  massive 10 

Coal,  Sharon,  and  hitaminoas  slate 

Sandstone,  flaggy,  to  base  of  No.  XXI 


3    6  1 


09 


Total. 


Ft.  in. 
20 
10 


24    5 


55    6 


1    2 


132    6 


1    6 
25 

270    1 


The  Sharon  coal  of  these  sections  (140,  L41)  represents  the  New  Eiver 
coal  group  of  West  Virginia,  since  the  Mercer  group  above  does  not 
farnish  valuable  coal  in  that  region,  but  only  thin  slaty  beds. 

Section  in  Holmes  County ^  Ohio. — In  Holmes  County,  Ohio,  these  beds 
are  given  as  follows  (Fig.  142),  in  Vol.  V,  Ohio  Geology,  p.  837 : 


Holmes  County,  Ohio, 


Fio.  142.— Section 
in  Holmes  Coun- 
ty, Objo, 


[See  map,  He.] 


1.  Interval,  sandstone  and  shales. 

2.  Limestone,  Lower  Mercer 

3.  Coal,  Lower  Mercer 

4.  Concealed 

5.  Gray  shales 

e.  Coal 


Ft  in. 
60 
1    6 

17 
6 


7.  Gray  shale  and  concealed 23    6 

8.  Sandstone,  Upper  Connoqaenessing 15    6 

0.  Coal,  Qaakertown blossom 

10.  Sandstone, shaly, Lower Conuoqaenessing..., 33    6 

11.  Coal,  thin 

12.  Sandstone • 3 

13.  Coal,Sharon 2    6 

14.  Fireclay « 10       • 

15.  Lower  Carboniferous  beds. 

Total , 174   « 
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Section  in  Washington  County^  Ohio. — In  WashiDgton  Count j,  Ohio, 
the  Potteville  measares  are  given  as  follows  (Fig.  143)  by  Mr.  F.  W. 
MinshaU,  fiom  the  record  of  the  Epler  oil  boring: 

Epler  oil  hortngf  Wa$kington  Countif,  Ohio. 


[See map,  Kg. J 


1.  Sandttone . 

2.  Shales 


Ft 


3.  Coal 

4.  Shalee 

5.  White,  pebbly  MUidstoiie  ... 

6.  Black  shales 

7.  Lower  Carboniferoas  beds. 


Total. 


m 


Section  at  Parkershurg^  West  Yirginia. — The  Camden 
Consolidated  Oil  Company,  in  boring  at  Parkersbnrg, 
Fio.  143 -Section    ^est  Virginia,  found  the  following  stmctnre  (Fig.  144), 
&i^t'*ohS!'°    according  to  Mr.  K.  A.  Cole,  the  8Ui)€rintendent: 

Parkerihurg,   We9t  Virginia  (boring), 

[See  map.  O  f.J  ^ 

1.  Shales,  gray 110 

2.  Saodstone,  hard,  white 50 

.  3.  Slate,  black 25 

4.  Sandstone,  hard,  gray ^ TiO 

5.  Shales  of  ^o  XL 


m 


Total  . 


-y..^^' 


liifl 


Fig.    145.— Section 

near  Burning 

prings,  W.  V  a. 


235 

Section  near  Burning  Springs^  West  Vir- 
ginia.— Near  Burning  Springs,  Wirt 
County,  West  Virginia,  these  same  beds 
have  this  succession  (Fig.  145),  as  found 
in  the  Simpson  oil  boring  by  Mr.  Min- 
shall: 


Simpaon  well,  Wirt  County^  Weat  Virginia.  Fio.  144.-Seotiao 

under    Parkera> 
[See  map.  P  g.]  ^^8*  W.  Va. 

It 

1.  Sandstone » 

2.  Coal 

3.  Sandstone 16 

4.  Shales M 

5.  Coal 

6.  Sandstone > 10 

7.  Shales 44 

8.  Sandstone 10 

».  Shales S8 

10.  Coal 

11.  Conglomerate 4« 

12.  Shales 16 

13.  Limestone,  Subcarboniferons. 

Total ^ 

The  Burning  Springs  section  (Fig,  145)  shows  a  rapid 
increase  in  the  thickness  of  these  beds  towards  the 
southeast,  since  they  are  just  twice  as  thick  here  as  in 
Washington  County,  Ohio  (Section  143),  50  miles  distant. 
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Section  near  Jackson  Furnace^  Jackson  County^  Ohio. — In  Jackson 
Coanty,  Ohio,  the  Pottsville  series  has  the  following  structure  (Fig. 
146)  near  Jackson  furnace,  as  given  in  the  Ohio  Geo- 
logical Survey,  1870  (p.  158) : 

Jiickson  Furnace^  J<ick$on  County ,  Ohio, 

lSeemftp,Pb.l  FL  in. 

Ironore 0     8 

Interval 


Iron  ore  . 
Coarte  sandstone . 
Coal. 


20 
0     7 

15 

trace 

Shale 18 

Ironore 0     6 

Clay,  shale 1 

Sandstone,  coarse 20 

Sandy  shales  and  laminated  sandstone u 115 

Coal  .  2     « 

Fireclay  2     6 

Clay,  shale 2     6 

White  sandstone 10 

Sandy  shale 10 

Coal 0     4 

Shales  and  sandstones  to  base  of  Ko.  XH 20 

Total 238     7 

Tio.  i4o.-section  SecHon  at  Banging  Rock^  Sdota  County^  Ohio. — In  the 
^flL^'ja^kT^n  vicinity  of  Hanging  Bock,  Ohio,  the  Potts ville  series  has 
County.  Ohio.      ^^^  following  Structure  (Fig.  147) : 

Hanging  Rook,  Soiota  County,  OMo» 

[See  map,  R  a.]  Ft.  in, 

1.  Sandstone,  massiye ^ iO 

2.  Fireclay v 6- 

8.  Limestone  and  iron  ore.  Upper  Meroer 1 

4.  Shales    20 

6.  Coal,  Upper  Meroer 0     4 

6.  Fireclay,  sandv : 2 

7.  Sandstone,  shafy t 8 

8.  Shales,  drab 8 

SCoal 0'5") 
Fireclay 1'4"> 8     1 
Coal 1'4"> 

10.  Fire  clay  and  shales 5 

1 1.  Sandstone,  Connoqnenessins.  Upper,  massiye,  coarse,  yellowish 80 

12.  Sandy  shales  and  shaly  sandstone 15 

^Coal O'  5" 

18.  Coal,  Qnakertown 


^yM:yy^vf 


tofccWwCftws 


iCoal O'  5") 

Slate O'B'V 2 

Coal 1*5") 

14.  Fireclay 8 

15.  Sandysbales 17 

16.  Sandstone,  Lower  Connoqneneaslng,  masslTe 25 

17.  bhalcM,  dark  bine,  with  iron  ore 6 

18.  Iron  ore,  sandy 1 

19.  Blue  sandy  shales 40 

20.  Interval  to  base  of  Pottayllle  beds  under  rirer,  ftom  drill  hole  (B.  B. 

WUlaid) 40 


Total 270     6 


j>io.  147.  —  Section  Here  the  Mercer  group,  together  with  the  Quakertown 
8«?oti?"<?o5Sy,  coal,  is  distinctly  recognizable  rft  the  very  southern  bor- 
^^^'  der  of  Ohio,  while  the  Gonnoquenessing  sandstones  and 

the  dark  blue  Sharon  iron-bearing  shales  below  look  exactly  like  the 
same  beds  in  eastern  Ohio.  The  base  of  the  series  was  given  me  here 
from  the  record  of  a  bore-hole  put  down  by  Mr.  E.  B.  Willard,  super- 
intendent of  the  Hanging  Bock  Goal  Gompany. 

Bull  66 13  ^  T 
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Section  on  Big  Sandy  River j  Lawrence  County^  Kentucky, — ^Twenty  mfl^ 
up  the  Big  Sandy  River,  and  near  the  month  of  Blaine  Greek,  Uie  sne- 
cession  of  the  series  is  as  follows  (Fig.  148)  according  to 
the  record  of  Bigdon  gas  well  No.2f  as  furnished  by  Mr. 
F.  H.  Oliphant: 


Under  Big  Sandy  Biver  at  mouth  of  Blaine  Creek  iltorin§y. 
[See  map,  Yb.] 


VMf 


L  Sanditone,  white 

2.  SUte,blaek 

3.  Sandstone,  white 

i.  Sandstone,  dark  gray 

6.  Slate,  gray 

8.  Sandstone,  dark 

7.  Slate,  gray 

8.  Sandstone,  dark  gray 

9.  Sandstone,  white,  salt  water 

10.  Sandstone,  dark  bine 

11.  Slate,  black 

12.  Sandstone,  white 

18.  Slate,  black 

14.  Shells 

15..  Sandstone,  hard  bine 

16.  Limestone,  Lower  Carbonlferons. 


Total. 


ft 
2i 
2S 
IS 
» 
20 
4» 
100 
10 
10 


10 


445 


This  section  exhibits  the  beginning  of  the  great  sooth- 

eastern  thickening  of  the  Pottsville  series  along  the  Big 

Sandy,  bat  we  have  not  snfficient  data  southward  from 

Blaine  Greek  to  trace  the  rate  of  increase  along  the  Tog 

Fork,  since  even  the  top  of  the  Pottsville  does  not  rise 

to  daylight  on  that  stream  for  100  miles  above  the  mooth 

FioriM.I^7otion  of  Blaine.    When  the  bottom  series  does  finally  come  to 

Svern^Lf  SSStf  the  surfaoc  at  the  southern  edge  of  McDowell  County, 

of  Blaine  Creek.    ^^^^  Virginia,  it  is  not  less  than  1,500  feet  thick,  and 

may  possibly  be  2,000,  since  the  Kentucky  geologists  claim  the  latter 

thickness  for  these  measures  on  the  headwaters  of  the  Big  Sandy. 

There  is  no  point  along  the  Tug  Biver  in  West  Yirgiuia  where  a 
vertical  measurement  can  be  made  ^  hence,  if  the  exact  thickness  is 
ever  determined  it  must  be  by  a  boriug. 

The  black  slates,  Nos.  2, 11,  and  13  of  the  above  section,  probably 
represent  the  intercongiomerate  coal  beds. 
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Seetion  under  Oharlestonj  Kanawha  County^  West  Virginia. — On  the 
Great  Kanawha  Biver  some  recent  borings  for  gas  have  supplied  the 
pecessary  data  there,  thas  giving  measurements  at  two 
points  before  the  whole  formation  comes  to  the  surface. 
The  first  one  of  these  is  the  record  of  the  Edwards  gas 
well  No.  3,  bored  at  Charleston,  West  Virginia,  which 
gives  the  following  structure  (Fig.  149)  for  these  beds, 
according  to  Mr.  William  S.  Edwards : 


Under  CharUsion,  Kanawha.  County^  West  Virginia  (boring). 


[Seem»p,Tl] 


imy 


wl'A 


m^ 


1.  Sandttone 

2.  White  suidstone 

8.  HArdtandetone  and  shells 

i.  White  saQd/«tone 

5.  Black  sandstone  and  shells... — 
tt.  Whitesandstone 

7.  Hard  sandstone 

8.  Hard  black  shells  and  gas 

0.  White  sandstone 

10.  Blaek  sandstone 

IL  Whitesandstone 

12.  Black  sandstone 

13.  Wbito  sandstone 

14.  Hard  shells 

15.  White  sandstone '. 

1«.  Sandshell,  hard 

17.  Whito  sandstone 

la  Black  sand 

19.  Lower  Carboniferous  limeatoBe. 


Totol. 


FL 
20 
30 
05 
43 
30 
20 
55 
00 
55 
10 
10 
15 
5 
10 
25 
10 
75 
10 


580 


Here  the  Pottsville  series  has  thickened  to  about  three 
times  its  size  at  the  northwestern  outcrop  of  these  beds 
in  Ohio,  100  miles  distant.  Whether  the  thickening  is 
gradual  or  abrupt  is  not  known,  and  can  not  be  until 
more  borings  are  made.  It  is  probably  gradual  from 
the  center  of  the  great  Apalachian  trough,  50  miles 
northwest  of  Charleston. 

The  interoonglomerate  coal  beds  appear  to  be  entirely 
Fip.i4^--seetionnn.  absent  from  the  above  section,  since  not  even  black 

der  Charleston^     _    ^  ^  ,.         ^      .,,.,.     . 

Kanawha  Coonty,  slatcs  are  prcscut  according  to  the  driller's  record. 
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Section  at  Burning  Spring^  Kanawha  County^  West  Virginia. — At  Barn- 
ing  Springy  9  miles  8oath  from  Gharleston,  the  reoord  of  Edwards  gas 
well  No.  1  gives  these  beds  as  follows  (Fig.  150) : 


Ufi 


Lsa' 


5^ 


^ttr^iii^  Spring,  Kanawha  County^  West  Virginia  {boring). 


(SMZDAp,    Tf.] 


Ft 


1.  Sandstone,  hard  white 

2.  Coal,  hard 

8.  Sandstone,  hard  white,  salt  water 200 

4.  S|iale  and  alatea,  light  colored loo 

5.  Sandstone,  very  hard  and  white,  with  salt  water 255 

«.  Slate,  black 

7.  Sandstone,  hard  white 

8.  Sandstone,  bine  hard 

9.  Limestone,  Lower  Carboniferous 


FL 

« 

55S 

2 

50 
50 


Total. 


No.  2  represents  the  Mercer  coal  groap,  though  no 
coal  thick  enoagh  to  mine  ever  occurs  at  this  horizon 
to  the  southward,  where  these  beds  rise  above  water 
level. 

The  New  River  coals  belong  in  ^os.  4  and  6  of  the 
section,  but  they  here  contain  no  coal  whatever,  thoagh 
only  40  miles  north  from  the  New  River  coal  field. 

The  series  has  here  increased  259  feet  in  thickness 
in  9  miles,  a  very  rapid  rate,  and  possibly  indicating 
that  the  great  thickness  (580  feet)  found  under  Charles- 
ton may  have  been  abruptly  instead  of  gradually  ac- 
quired. 

In  this  boring  a  considerable  flow  of  natural  gas 
was  obtained  in  the  top  of  the  Ppoono  sandstone,  or 
<^  Big  Injun"  oil  sand,  at  a  depth  of  about  1,OQO  feet. 
This  is  the  locality  where  natural  gas  was  first  ased 
for  manufacturing  purposes  in  the  United  States,  as 
^^,.^,^^  far  back  as  1841.  It  was  utilized  for 
evaporating  i|alt  water.  One  of  the  gas 
weUs  found  here,  according  to  report, 
displaced  for  fuel  2,000  bushels  of  coid 
daily  during  a  period  of  ten  years.  The 
last  well,  however  (bored  in  1887),  doe* 
not  produce  much  over  500,000  cubic 
feet  of  gas  daily.  The  most  prodactive 
wells  were  situated  near  the  crest  of  the 
so'  anticline  which  crosses  the  Kanawha 
River  at  Burning  Spring. 


tititi,*iw'i^'Wi^. 


Fio. 


150. -Section  at 
Kanawha  County, 


Bamine    Spring. 
W.  Va. 
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Section  near  NuitaUhurg^  Fayette  County^  West  Virginia. — PassiDg  on 
southward  up  the  Kauawha  and  New  Rivera,  there  is  no  opportunity 

to  get  another  measurement  of  the 
Pottsville  series  until  all  of  its  mem- 
bers have  risen  above  the  level  of  New 
Eiver,  in  the  vicinity  of  Nuttallbnrg, 
Fayette  County,  West  Virginia,  60  miles 
distant  from  Burning  Spring,  where 
the  following  succession  occurs  (Fig. 
151): 

Vicinity  of  Nuttallhurg,  Fayette   County,   fTest 
Virginia, 
[See  map,  Uh.j 


1.  Sandstone,  maasiTe,  pebbly,  Home 

wood 

2.  Shalea 

8.  Coal 

4.  Sandy  sbaioa  and  eandatone 

6.  Sandstone 

6.  Black  slate 

7.  Coal 

8.  Shalea  and  sandstone 

9.  Coal 

10.  Shales,  sandstone  and  sbales 

11.  Coal,  Nnttall 

12.  Shales  and  slutes 

13.  Sandstone,  massive 165 

14.  Slates,  dark 

15.  Concealed,  and  sbales 120 

16.  Coal,  Fire  Creek 

17.  Shales  and  sandstone 

rcoal 1' 

(Slate C 


60) 


75) 
.651 
10  f 
.20  J 


0"! 

3"  I 

o4 


10) 
30  1 
125 

60  i^ 

140 
55] 


Ft.    1 

170 

1 

102 

1 
75 

0 
50 

8 

360 
130 


35 
2 

40 
1 


420 


FlO. 


151 Section  in  vicinity  of  Knttall- 

burg,  Fayette  County,  W.  Va. 


18.  Coal, Qninnimont  (})>;  Coal 2' 

I  Slat© - 

[Coal 

19.  Shales  and  sandstone 

20.  Coal,  slaty 

21.  Shales 

22.  Coal 

28.  Shales 

24.  Concealed  _ 

25.  Sandstone,  mas»ive 125 

26.  Concealed,  and  sandstone  ... 

27.  Sandstone,  massive 140 

28.  Concealed,  and  sandstone  to  top  of 

No.  XI  shales 


Total 1,400     0 

No.  11,  the  Nuttall  coal,  is  the  highest 
member  of  the  Now  River  group  that 
ever  furnishes  valuable  coal  along  that 
stream.  Its  place  in  the  Pottsville 
series  is  400  feet  below  the  top,  and  the 
other  thin  coals  above  it  belong  to  the 
Mercer  group. 

Whether  No.  18  is  identical  with  the 
Quinnimont,or  whether  this  latter  coal 
is  the  same  as  the  Fire  Greek,  No.  16, 
are  questions  yet  unsettled. 

Just  what  represents  the  Pocahontas 
coal  of  McDowell  and  Mercer  Counties 
in  this  section,  or  whether  it  is  repre- 


sented at  all  is  uncertain,  but  No.  18  may  possibly  come  at  that  horizon. 
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Section  on  Crane  Greeks  Mercer  County^  West  Virginia. — At  the  ex- 
)me  Bouthern  edge  of  the  Appaiachiau  field  in  Meroer  Goanty,  We8t 

Virginia,  the  following  section  (Fig.  152) 
of  the  Pottsville  series  waa  obtained 
upon  the  waters  of  Crane  Creek  by  add- 
ing 400  feet  to  the  summit  of  the  column 
for  the  estimated  thickness  of  be<)8  re- 
moved by  erosion : 

Crane  Creek,  Mercer  Countffy  TVest  Virginia. 


m 
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i^ 
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3fl' 
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3. 152. —Section  on  Cnuie  Creek,  Mercer 
County,  W.  Va. 


fSeeinap,Yg.l 


J^.    IX.in.  , 


1.  Sandstones  and  Hhalce,  here  eroded  from 

topofMo.XII(eeUtuated) 4001 

2.  Shalea  and  saadstonea '. liiO 

3.  Sandhtone  and  shalea 35 

4.  Sandstone,  gray 20 

5.  Shales,  and  concealed 60 

0.  Sandbtone,  massive,  and  shalea 95 

fCoal 0*  2"i 

Shales 2' 6"  | 

7.  Coal <Coal 2' 4"  ^ 

Shale C  6"  I 

ICoal l'8"l 

8.  Shales,  sandstone,  and  concealed 

9.  Shales 

10.  Coal,  good 


'-no 


11.  Shales,  and  conceal^ 100 


7    2 


"•Jus 

1    8 


10. 


.'.'..'3') 

tea.  and 

.  5'  0"  > 
.  «'  0"  > 


00^ 


2.  Sandstone 
18.  Shale 

SCnal . 
Shale 
I'oal  and  slute 
15.  Concealed,  vrith  shales,  sandstones,  and 
t wo  th iu  coala 

c7i'P?^jj><>°t'«^8h2e::::.:::'^ 

(Nclli) ICoBti 

17.  Shales,  sandstone,  and  concealed 

18.  CimiI(NolII) /.... 

19.  Sandntone  and  shales 

20.  Coal(No.I)  

21.  Shales 28 

22.  Sandstone,  gray S9 

23.  Shalea,  dsrk 20 

24.  Concealed 60 

25.  Sandstone,  and  concealed 4l9 

26.  Sandatoue,  gray,  massiTc 10 

'     Green,  limy,  IbssiUferoaa  ahalea,  top  of 

Lower  Carboniferous. 


113 


IS  e 
SO 

0    2 


la 


27. 


Total 1,108 


The  interval  added  to  the  top  of  the 
Pottsville  in  this  section  is  only  an  esti- 
mate at  best,  and  the  amonnt  may  not 
b^  near  large  enough,  since  the  Ken- 
tucky geologists  report  the  series  as 
2,000  feet  thick  not  many  miles  soath- 
west  from  this  region. 

The  separate  coal  beds  of  this  section 
can  not  yet  be  satisfactorily  correlated 
with  those  on  New  Eiver  (Section  151). 
At  one  time  the  writer  was  inclined  to 
believe  that  No.  7  might  be  the  equiva- 
lent  of  the  Nuttall  vein,  and  that  No.  16 
of  this  section  was  probably  identioal 
with  No.  18  of  the  NnttallbiH-g  sftotjon 
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<151),  bat  the  Pocahontas  coal  lies  200  feet  nearer  th^  base  of  the 
Pottsville  series  than  No.  IS  does  on  New  Biver,  and  hence  unless  this 
part  of  tiie  series  thins  away  towards  the  southwest,  which  seems  im- 
probable, the  possibility  of  identity  is  rather  slender.  The  mining 
operations  of  the  ne^rt  few  years,  however,  may  be  depended  upon  to 
settle  the  question,  since  it  has  a  more  than  scientific  interest. 

A  cursory  examination  of  the  sections  given  will  show  that  the 
Pottsville  series  generally  has  something  like  the  following  structure : 

SandQtone  (Home wood). 
Coal  group  (Mercer). 
Sandstones  (Counoquenessing). 
Coal  group  (New  River). 
Sandstone  (Sharon). 

Of  course  when  the  series  attains  such  an  excessive  thickness  as  on 
the  New  Biver,  for  instance,  the  structure  is  more  complicated  than  the 
above  scheme  would  indicate,  and  yet  even  then  a  general  agreement 
can  usually  be  made  out. 

Having  now  glanced  at  the  general  structure  of  these  measures,  we 
shall  take  up  the  more  important  members  and  describe  them  in  deialL 

CHARACTERISTIC  HORIZONS. 

THE  HOMEWOOD  SANDSTONE. 

The  Pottsville  series  is  nearly  everywhere  capped  with  a  coarse 
sandstone,  which  is  quite  different  in  texture  and  general  appearance 
from  any  of  the  sandstones  in  the  Goal  Measures  above.  In  the  vicinity 
of  Homewood,  Beaver  County,  Pennsylvania,  this  rock  attains  a  thick- 
ness of  150  feet,  and  was  named  &om  that  locality.  It  is  generally 
quite  massive,  making  great  cliffs  along  the  streams  and  covering  the 
summits  with  huge  blocks  asranged  in  ^^rock  cities."  While  usually 
q|iite  hard,  ^t  generally  splits  well  and  makes  excellent  building  stone, 
the  blocks  from  it  being  almost  indestructible.  Although  generally  of 
a  yellowish  or  huffish  gray  tinge,  it  occasionally  consists  of  almost  pure 
white  quartz  grains,  and  hence  sometimes  supplies  glass  sand  of  excel- 
lent quality.  This  might  be  called  the  ^'  cascade''  member  of  the  Potts- 
ville series,  since  it  so  often  produces  water-falls. 

In  Pennsylvania  it  is  generally  30  to  60  feet  thick,  but  occasionally, 
as  at  Homewood  and  other  points,  it  thickens  up  to  75  or  even  150  feet. 

Westward,  in  Ohio,  the  rock  thins  down  and  is  often  only  15  to  20 
feet  thick,  but  still  distinctly  recognizable  as  a  heavy  bedded,  coarse 
sandstone,  filled  with  fossil  stems  and  trunks  of  trees,  mostly  lepido- 
dendron  and  sigillaria.  It  is  seen  in  the  bed  of  Little  Beaver  near  its 
mouth,  and  frequently  between  that  point  and  Fredericktown.  It  is 
the  quarry  rock  in  Ooshocton  County  referred  to  in  Vol.  V  (p.  104),  Ohio 
Oeology,  where  it  is  30  feet  thick  and  of  the  same  type  so  often  found 
in  Pennsylvania.    From  this  point  on  across  Ohio,  to  Ironton  and 
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Hanglof;  Bock,  it  is  frequently  seen,  and  at  the  latter  point  makeii  one 
of  the  great  difb  in  the  steep  hillside  which  gave  name  to  the  place, 
being  there  40  feet  thick. 

Along  the  Great  Kanawha  this  rock  comes  to  water  level  at  the 
month  of  Armstrong  Greek,  and  from  there  on  op  that  stream,  as  well 
as  ap  the  New  and  Gauley  rivers,  is  a  great  cliff  rock  150  to  200  feet 
thick.  It  crowns  the  walls  of  the  New  River  cailon  at  Hawk's  Nest 
and  other  points  to  Nnttallbarg  and  beyond,  where  it  seems  to  change 
suddenly  in  character  southward  from  that,  becoming  sofD  and  easily 
disintegrating  to  a  heap  of  coarse,  brown  sand. 

On  the  Tng  fork  of  Big  Sandy  this  stratum  makes  great  cliffs  along 
the  hills  through  the  <^ roughs"  of  Tug,  and  sinks  below  that  stream  at 
the  month  of  Ben's  Greek,  95  miles  above  Louisa. 

Ohio  Pyle  Falls,  on  the  Youghiogheny  River,  is  made  by  this  rock* 
and  the  upper  portions  of  the  great  cascades  on  the  Black  Water  and 
Glady  forks  of  Cheat  ponr  over  the  same  stratum. 

It  is  the  gas-bearing  member  in  western  Pennsylvania  and  northern 
West  Virginia.  • 

TH8  MBROBR  GROUP. 

In  western  Pennsylvania  a  group  of  coals  associated  with  two  fossil- 
iferous  limestones  makes  its  appearance  directly  under  the  Homewiiod 
sandstone,  and  extends  almost  uninterrnptedly  across  the  Ohio  field  to 
Hanging  Rock.  It  was  first  fully  described  from  the  vicinity  of  Meroer, 
Pennsylvania,  and  named  from  that  locality.  When  well  develo])ed 
the  group  presents  the  succession  seen  in  Section  140,  and  is  40  to  50 
feet  thick. 

The  two  limestones  are  very  much  alike,  except  the  Lower  Meroer  is 
a  little  darker  blue  than  the  Upper,  and  is  the  more  persistent.  Both 
are  crowded  with  fossils  and  are  frequently  oherty,  some  of  the  famoos 
^< flint  ledges"  of  Ohio  being  made  by  one  of  these  beds*  Each  lime- 
stone usually  carries  an  irqn  ore  on  its  top  of  the  variety  known  as 
^' block  "ore.  The  Upper  Mercer  is  known  as  the  Zoar  limestone  in 
many  portions  of  Ohio,  and  its  ore  is  called  by  several  terms,  among 
which  are  '*Dunkel  Block,"  "Franklin  Block,"  "Main  Block,"  "Big 
Red  Block,"  etc.  The  Lower  Mercer  was  formerly  known  as  the  "Bine' 
lim&stone,  and  its  corresponding  ore  as  the  "  Blue  Limestone  Block," 
"Little  Block," fete 

The  Mercer  coals  are  generally  two,  the  upper  one  coming  under  the 
Upper  Mercer  limestone  and  the  lower  one  under  the  Lower  Mercer 
limestone.  Occasionally  there  is  also  a  coal  on  top  of  each  limestone, 
but  these  beds  are  sporadic,  and  hence  do  not  merit  a  designation, 
though  Orton  has  applied  the  name  "  Tionesta"  to  the  upper  one  in 
Ohio,  as  the  writer  did  in  Beport  Q',  on  Lawri^nce  Gounty,  Pennsyl- 
vania. 

These  Mercer  coals  are  generally  rich  in  ash,  and  are  seldom  mined 
on  a  commercial  sci^e,  although  they  are  quite  persistent  from  western 

Digitized  by  CjOOQ  IC 


W1IIT1.I  THE  C0NN0QtjENES8ING   SANDSTONES.  .      201 

Pennsylvania  all  around  the  northern  margin  of  ^  the  Ohio  coal  field. 
Both  of  them  occasionally  become  cannel  in  Ohio,  the  npper  being  the 
Strawbridge  canoel  of  Holmes  County  and  the  Bedford  cannel  of  Co- 
shocton, according  to  Orton,  while  the  lower  coal  is  the  Flint  Eidge 
cannel  of  Licking  County.  Neither  of  these  beds  seldom  exceeds  3  feet 
in  thickness,  and  they  are  more  frequently  only  1  or  2. 

Eastward  from  Mercer  and  Lawrence  Counties,  Pennsylvania,  the 
limestones  disappear  from  this  group  and  the  coals  thin  away,  except 
around  the  northern  rim  of  the  coal  field,  where,  in  McKean  County, 
the  Alton  coal  group  of  Ashburner  probably  represents  the  Mercer 
coals,  so  that  usually  only  one  is  left,  and  it  is  generally  quite  impure. 
This  bed  has  received  a  difierent  name  for  nearly  every  locality  where 
it  attains  workable  thickness.  Rogers  called  it  the  Tionesta  coal  in 
Forest  County,  Pennsylvania,  and  it  is  the  Mount  Savage  bed  of  Som- 
erset. Along  the  north  Potomac  Eiver  it  frequently  appears  in  the 
cuts  of  the  West  Virginia  Central  Bailroad,  and  is  there  known  as  the 
<^  Railroad  seam.^'  It  has  been  mined  for  local  use  just  above  Valley 
Falls,  Taylor  County,  West  Virginia,  where  it  lies  near  water  level, 
and^is  4  feet  thick,  with  a  slate  near  center.  It  always  presents  a  coarse 
structure,  and  no  first-class  fuel  is  ever  obtained  at  this  horizon.  Along 
the  New  River,  and  through  all  the  country  between  it  and  the  Tug 
Fork,  only  an  insignificant  coal,  1  to  2  feet  thick,  occurs  at  this  level. 

The  famous  Mount  Savage  fire  clay  of  Pennsylvania  and  Maryland 
comes  within  the  limits  of  the  Mercer  group,  and  directly  underlies  the 
Mount  Savage  coal,  which  it  occasionally  replaces. 

THE  COKNOQUENEBSING  SANDSTONES. 

Below  the  Mercer  group  there  comes  the  great  sandstone  horizon 
par  excellence  of  the  Pottsville  series.  This  group  is  generally  triple, 
there  being  a  massive  sandstone  at  top,  then  a  coal  and  shale  interval, 
below  which  is  another  massive  sandstone.  These  sandstones  were 
first  studied  by  the  writer  along  the  Connoquenessing  River,  in  Law- 
rence County,  Pennsylvania,  and  they  were  designated  from  that 
stream.  The  Masaillon  sandstone  of  Xewberry  represents  only  a  por- 
tion of  the  group;  otherwise  it  would  have  precedence  in  nomenclature. 

Each  of  these  sandstone  members  is  from  40  to  50  feet  thick,  though 
occasionally  the  shale  and  coal  separating  them  thins  out  and  they 
coalesce  into  one  mass  150  to  200  feet  thick,  or  even  more.  They -are 
generally  quite  hard,  the  quartz  grains  being  finer  and  more  compactly 
arranged  than  in  the  Homewood  sandstone  above.  The  color  is  more 
frequently  yellowish  white  than  any  other,  though  sometimes  it  is  gray. 

The  Quakertown  coal  comes  between  the  two  sandstone  members  of 
the  group.  It  seldom  exceeds  2  feet  in  western  Pennsylvania  or  east- 
ern Ohio,  and  unless  it  should  be  the  "Jackson  shaft,'^  or  *' Wellstou'^ 
coal,  it  does  not  seem  to  attain  much  importance  in  that  State,  though 
it  is  often  present  in  the  series  as  a  thin  bed,  being  represented  in  the 
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Hanging  Bock  section  (147)  by  number  13,  wbich  is  only  2  feet  tbick, 
slate  and  all. 

East  from  tbe  Maboning  Biver  no  workable  coal  is  known  at  tbis 
borizon  in  Pennsylvania,  tbougb  a  tbin  coal  or  black  slate  is  often 
present. 

TUE  NEW  RIVSR  COAL  GROUP. 

Tbe  great  development  of  coal  in  tbe  middle  and  lower  balf  of  the 
Pottsville  series  along  Kew  Biver,  West  Virginia,  bas  given  name  to 
this  gronp.  Altbongb  tbere  are  thin  representatives  of  tbe  groap  in 
nearly  every  section  of  tbe  Pottsville  which  is  exposed  in  Pennsylvania, 
yet  only  aronnd  the  northwestern  margin  of  tbe  field  in  that  State  is 
any  valaable  coal  fonnd  at  tbis  borizon,  namely,  tbe  Sharon  coal  of 
Mercer  Connty.  Tbis  bed  oocnrs  in  pockets  and  isolated  basins,  in  the 
western  part  of  Mercer,  where  it  is  3  to  5  feet  thick,  and  a  "  block,''  or 
open«bnrning  coal  of  great  purity.  It  enters  Ohio  in  tbe  same  patchy 
condition,  and  extends  through  Maboning,  Trumbull,  Portage,  Summit, 
Stark,  Medina,  and  Wayne  Counties  of  northeastern  Ohio,  and  it  is 
probatbly  tbe  "Jackson  shaft''  or  **  Wellston"  seam  of  Jackson  Ooanty 
ill  southern  Ohio.  In  all  cases  it  is  the  same  open-burning,  pure  Ael, 
very  low  in  ash  and  sulphur. 

This  Sharon  bed  and  its  tbin  rider  appear  to  represent  all  tbe  coals 
in  tbe  New  Biver  group,  and  hence  it  can  not  be  called  identical  with 
any  one  of  them,  tbougb  according  to  Prof.  Fontaine  tbe  flora  of  the 
Sharon  roof  shales  is  very  similar  to  that  found  in  tbe  roof  of  the 
Quinnimont  bed  on  New  Hiver.  These  roof  shales  of  the  Shai*on  coal 
through  western  Pennsylvania  and  across  Ohio  are  a  very  character- 
istic feature.  They  begin  directly  under  tbe  Oonnoquenessing  sand- 
stones, and  are  often  40  to  50  feet  thick,  of  a  dark  blue  color,  and 
generally  contain  much  iron  ore  (carbonate)  in  nuggets  and  bands. 
These  shales  show  tbe  same  character  at  Hanging  Bock  (Section  147), 
in  southern  Ohio,  as  they  do  on  .the  Maboning  at  tbe  east. 

In  passing  southward  from  Pennsylvania,  along  the  Alleghany  Moan- 
tain  region,  one  of  these  New  Biver  beds  thickens  up  to  3  feet  in  Garrett 
Oounty,  Maryland,  just  east  from  tbe  West  Virginia  line,  and  bas  there 
been  mined  for  local  use  on  tbe  land  of  Mr.  Browning.  It  comes  near 
the  base  of  tbe  Pottsville  series,  is  quite  soft  and  pure,  and  exhibits  the 
same  coking  type  as  these  coals  all  do  on  New  Biver.  One  of  these 
beds  is  also  workable  along  Shaver's  Fork  of  Cheat  Biver,  east  from 
tbe  Beverly  Valley.  Tbis  coal  group,  which  is  well  shown  in  tbe  Black 
Water  section  (133)  of  Tucker  Gount^,  grows  in  importance  southwest- 
ward  through  Bandolph,  Webster,  Greenbrier  and  Nicholas  Counties, 
into  Fayette,  where  at  Nuttallburg  on  New  Biver  we  find  the  type 
section  of  the  group  (No.  151),  which  tbere  incloses  three  workable  coal 
beds  besides  several  too  thin  to  be  of  economic  importance.  Tbe  three 
workable  beds  are,  in  descending  order,  tbe  Nnttall,  Fire  Creek,  and 
Quinnimont,  with  tbe  intervals  separating  them  shown  in  Section  151. 
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These  coals  vary  from  3  to  5  feet  in  thickness  along  New  Biver,  and 
are  the  ones  from  which  the  celebrated  New  Biver  coke  is  now  manu- 
factured. The  Nnttall  is  the  most  regular  and  persistent,  being  the 
only  one  which  dips  below  water  level  at  the  north  with  a  workable 
thickness. 

They  are  all  quite  soft,  very  low  In  ash  and  sulphur,  and  rich  in  fixed 
carbon,  making  coke  of  the  greatest  purity. 

The  Fire  Creek  and  Quinnimont  beds  are  quite  irregular  in  their  dis- 
tribution and  thickness,  but  both  of  them  furnish  much  good  coal  on 
New  Biver.  I  have  termed  the  lowest  bed  the  Quinnimont,  but  the 
stratigraphical  horizon  of  the  Quinnimont  seam  is  not  yet  settled;  since 
it  may  prove  identical  with  the  Fire  Greek  bed,  but  all  the  coal  oper- 
ators agree  that  there  are  three  workable  coals  on  New  Biver,  and  that 
Nos.  11, 16,  and  18  of  Section  151  are  these  three  beds,  whatever  their 
identity  with  reference  to  the  Fire  Creek  and  Quinnimont  localities 
may  be. 

South  westward  from  Fayette  County  towards  Baleigh,  Mercer,  and 
McDowell,  the  New  Biver  coals  still  continue  td  increase  in  thickness 
and  importance,  culminating  in  the  great  bed  at  Pocahontas,  in  the  edge 
of  Virginia. 

Section  on  Crane  Creekj  West  Virginia^  near  Pocahonta^^  Virginia. — 
Section  152  shows  the  saccession  of  these  coals  on  Crane  Creek,  &  trib- 
utary of  Blue  Stone,  a  few  miles  northeast  from  Pocahontas.  Here 
the  Pocahontas  coal  is  divided  into  two  benches  by  a  layer  of  shale  5 
feet  thick,  but  at  Pocahontas  it  exhibits  the  following  structure: 

Pt.    in. 

Coal 9      6^  j^  j^ 

Shale 0      4  >  iq      8 

Coal 0    10  j  , 

There  is  a  bony  streak  about  2  feet  below  the  top  of  the  coal,  but  it 
is  not  rejected  in  mining. 

Section  at  head  of  South  Elk  Horn  Creeky  McDowell  County^  West  Vir- 
ffinia. — Across  the  Flat  Top  Mountain  divide  from  Pocahontas,  around 
the  head  of  South  Elk  Horn  Creek,  in  McDowell  County,  this  coal  ex- 
hibits the  following  structure: 

"                                                                                Ft  in. 

Coal 3  8  1 

Bony  coal 0  8         Ft 

Coal 2  3  }►       9 

Slate - 0 

Coal 


0      1 
2      4  J 


Section  on  East  Branch  of  Simmons  Creek^  Mercer  County^  West  Vir- 
ginia.— On  the  east  branch  of  Simmons  Creek  this  coal  shows  as  follows: 


Ft  in. 

Coal 2  2  ^  j^  i^ 

Slate,  bine 0  .4^8    iq 

Coal 6 
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Section  on  west  branch  of  Flipping  Creek^  Mereer  Countf^y  West  Virginia,'^ 
On  the  Walker  tract,  west  branch  of  Flipping  Greek,  the  coal  has  this 
structare : 

Ft    IB. 

Coal 2      6  1  p^ 


Dark  Bbales 10      v  ^  ig      g 

Coal 6 


^  >Ft 
0>18 
0  > 


Section  on  Pinnacle  Fork  of  the  OvyanAotte  Biver^  Wyoming  CowfOg^ 
West  Virginia. — Just  before  this  coal  passes  under  the  level  of  the 
PioDacle  Fork  of  the  Gujandotte  Biver  west  from  Flat  Top  Mountain 
it  exhibits  the  following  structure : 

Ft.  In. 

Massive  sandstone 

Coal 


Fire  clay 3     0  I  ^  «»- 

Sandy  shale      *  c      n  M4      8 

Coal 


3  0  f 
5  0  ( 
5      4J 


This  coal  was  numbered  III  in  the  original  section  published  from 
Pocahontas  by  Maj.  Jed.  Hotchkiss,  and  it  is  frequently  known  by  that 
name.  Major  Botch  kiss  thinks  the  Pocahontas  bed  identical  with  the 
Quinnimont  of  New  River,  but  the  writer  can  not  yet  satisftictorily  cor- 
relate this  bed  with  any  of  the  New  Biver  coals  which  have  been  mined. 

The  coal  from  the  Pocahontas  seam  is  quite  as  pure  and  valuable  for 
coke  and  general  fuel  purposes  as  any  in  the  New  Biver  field,  and,  in 
fact,  is  the  same  kind  of  coal. 

Two  other  beds  of  4  to  5  feet  in  thickness  occur  in  the  hiUs  above  the 
Pocahontas  vein,  but  so  far  they  have  not  been  mined  to  any  extent,  as 
they  are  not  regular  in  thickness  and  the  great  bed  below  monopolizes 
the  present  mining  operations. 

THS  SHARON  OONOLOMBRATB. 

The  interval  below  the  Sharon  coal  in  Ohio  and  western  Pennsylvania 
down  to  the  base  of  the  Pottsville  series  is  often  occupied  by  a  mass- 
ive conglomerate,  and  when  it  is  absent  the  coal  with  its  under-day 
rests  directly  on  the  Lower  Carboniferous  beds*  This  conglomerate 
stratum,  was  considered  a  separate  member  of  the  series^by  the  Ohio 
geologists  and  as  representing  the  entire  No.  XII  conglomerate  of  Sog- 
ers in  Pennsylvania. 

But  later  studies  have  shown  that  it  is  simply  the  basal  member  of 
this  series.  When  well  developed  in  Ohio  it  is  very  coarse,  being  a 
mere  mass  of  pebbles  from  a  pesi  to  an  egg  in  size.  There  is  no  single 
stratum  around  the  southeastern  margin  of  the  Appalachian  field  that 
will  exactly  compare  with  the  Sharon  conglomerate  in  physical  aspect, 
though  local  streaks  in  all  these  great  sandstones  are  quite  as  pebbly, 
but  just  as  the  Sharon  coal  is  represented  by  several  beds  in  the  New 
Biver  section,  so  the  Sharon  conglomerate,  only  20  to  40  feet  thick  in 
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Pennsylvaoia  and  Ohio,  is  on  New  River  represented  by  300  to  400  feet 
of  shales,  sandstones,  and  conglomerates. 

In  northern  Pennsylvania  the  Olean  conglomerateof  Bradford  Ooonty 
and  the  Garland  conglomerate  of  Warren  have  been  shown  by  Mr.  John 
F.  Carll  to  be  identical  with  the  Sharon  stratum,  and  they  also  resemble 
it  very  much  in  physical  characters.  The  coarse  type  of  the  Sharon 
conglomerate  appears  to  be  confined  to  the  northwestern  rim  of  the 
Appalachian  field,  since  it  disappears  southward  under  the  other  mem- 
bers of  the  series. 

THE  LOWER  CARBONIFEBOUS  BEDS. 

Below  the  base  of  the  Pottsville  series  come  the  red  shales  and  lime- 
stohes  of  the  Manch  Chunk  series,  and  then  succeed  the  gray  sandstones 
of  the  Pocono,  the  lowest  series  of  the  Carboniferous  system. 

Thin  coals  occur  locally  in  both  of  these  members  of  the  Lower  Car- 
boniferous in  Pennsylvania  and  West  Virginia,  but  nowhere  in  these 
States,  nor  in  Ohio,  does  any  merchantable  bituminous  coal  exist  in 
this  portion  of  the  Carboniferous. 

The  Tipton  Eun  Coals  of  Blair  County,  Pennsylvania,  have  been  cited 
as  occurring  in  the  Pocono  sandstone  series  for  the  last  thirty-five  years, 
and  this  conclusion  is  reiterated  by  Mr.  Ashbumer  in  a  special  report 
made  as  late  as  1885  (Pennsylvania  Geological  Survey,  Annual  Eeport, 
1885,  p.  250),  but  a  single  glance  at  the  fossil  plants  occurring  in  the 
roof  shales  of  the  coals  now  mined  there  proves  that  they  belong  to  the 
Lower  Coal  Measures,  or  Alleghany  River  series,  and  not  to  the  Pocono, 
their  apparent  stratigraphical  position  being  the  result  of  displacement, 
so  that  although  the  Pocono  series  is  reported  to  contain  valuable  coal 
beds  in  Montgomery  County,  Virginia,  it  certainly  does  not  in  any  of 
the  three  States  covered  by  this  report,  and  hence  a  further  consider- 
ation of  the  Lower  Carbc^iferous  beds  is  not  germane  to  this  publica- 
tion. 
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nia,  section  at 120 

Berlin,  Pennsylvania,  section  at 76 

Berry's  Mine,  Morgan  County,  Ohio,  sec^ 

tionat ■ 

Big  Hurricane   Creek,  Fntoam  County, 

West  Virginia,  section  at 


1T2 
114 


67 


66 


TiKga 
Big  Sandy  River,  Lawrence  County,  Ken- 

tnoky,  section  on 194 

Black  FMsiliferons  limestone 98 

Rlacksvflle  limestone 86 

Blaine  Creek,  Lawrence   County,   Ken- 
tucky, section  at  month  oi 144 

section  on 162-163 

Blair  County.  Pennsylvania,  section  in...  122 

Bloesburg,  Pennsylvania,  section  at 102 

Bloesvein,  PennsylvaniasLower  llttan- 

ningcal 169 

Board  Tree    Tunnel,  Marshall   County, 

West  Virginia,  section  at 26 

Bolivar  Are  clay 159-160 

Bolivar,  Pennsylvania,  section  near 115 

Booth's  C^reek.  West  Virginia,  section  on.  189 
Brady  Township,  Bntler  County.  Pennsyl- 
vania, section  at 107 

Broad  Top,  Penosylvanis,  section  at 76-77 

Broad  Top  Basin,  Huntingdon  County, 

Pennsylvania,  sections  in 125, 126. 186 

BrockwayviUe,  Pennsylvania,  section  near  104 

Brooke  County,  West  Virginia,  section  in  100 

BrookviUe,  Pennsylvania,  section  at 188 

BrookviUe  coalsClarlon  coal  in  Ohio  ....  175 

BrookviUe  coal 178 

Brown,  C.  N .,  sections  fhmished  by 50, 67, 68 

Brown's  Mills.  Monongalia  County,  West 

Virginia,  section  near 88 

Brownstown,  West  Virginia,  Section  near  188 

Brownsville,  Pennsylvania,  section  at ... .  44 

Brownsville  ooal= Washington  coal 87 

Browntown  sandstone 58 

Brush  Creek  coal=Masontown  coal 94, 96 

Brush  Creek  coal = Mahoning  coal 96 

Brush    Creek    limestones  Lower    Cam- 
bridge limestone 93 

Bryan's  Bank,  Upshur  County,  West  Vir- 

ginia,  section  at 152 

Burkhannon River, West  Virginia,  section 

on 162 

Bnchtel  limestone = Upper  Freeport 159 

Bnchtel,  Ohio,  section  near 133 

Buffalo  Cr*)ek,  Marion  county.  West  Vir- 

gioia,  section  at 48 

Bnhrstone  iron  ore 178 

Burning  Spring,  Kanawha  County,  West 

Virginia,  natural  gas  first  used  at.  196 

section  at 196 

Burning  Springs,  Wirt  County,  West  Vir- 
ginia, sections  at 52,88 

section  near 192 

Bntler  County,  Pennsylvania,  seotiaj  in . .  107 

.207  , 
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Cab«n  Coaaty,  Wott  VirgiiiU,  Metion* 

m W,  16^158 

C«XDbridKe  HtuMtonet ....' M 

CMobriA  Coanty,  Pennsylvania,  aeotlona 

In 118^110.130,122,148,140 

Campbell's  Creek  ooal  rein .'         170 

Campbell's  Creek  Umeetone 108 

Camp  BraDch,CabeU  County,  West  Vir- 
ginia, seoUon  near 155 

Cannelton  coals 07 

Cannonsborg,  Pennsylvania,  seetion  at . . .  78 

Carboniferons    System,    Rogers's    table 

showing  subdivisions 10 

Carll,  John  P.,  geologic  idenUaoations  by.  205 
Carpenter's  station,  Pennsylvania,  seetion 

near 118 

CaasvOle  plant  sbale 41 

Cedar  Grove  coal 167 

Centreville,  Pennsylvania^  section  near. . .  108 
Chance,  fl.  Hartyn,  sections  given  by...  105, 100, 

107.123,188 
cited  on  geologio  equivalent  of  ITpper 

Kittanning  in  Pennsylvania 166 

geologic  idenUfloations  by 175, 178 

Chapline  Hill,  Wheeling  West  Virginia, 

sectlonat  ...k 48 

Charleston,  West  Virginia,  section  near. . .  85 

secUonsat 136, 105 

Cheat  Biver,  Taoker  County,  West  Vir- 
ginia, sections  on 187,188 

Clarion  coal 175-176 

Clarion  County,  Pennsylvania,  sections 

in 105,106,183 

Clarion  sandstone 176 

Clarksbnrg  limestone 88 

CUrksbnrg,  West  Virginia,  sections  at.  .48-48, 120. 

180 

coalbedat 88 

Clearfield  County,  Pennsylvania,  sectlens 

In 108.124,183 

Clearfield,  Pennsylvania,  sections  at. .  .128. 182-183 
Clinton  coal  =  Middle  Kittanning  coal ...  166 
Coalburg.  West  Virginia,  coal  beds  at....  06 

section  at 163 

Coal  Valley  gas  vein.  West  Virginia 170 

Cole,  R.  A.,  sections  given  by 180,102 

Columbia  mine,  Westmoreland  County, 

Pennsylvania,  section  at 68 

Coleman  limestone 03 

Columbiana  County,  Ohio,  section  in 181 

Colvin's  Run.  Greene  County,  Pennsylva- 
nia, section  on ...*. 28 

Colvin's  Run  limestone 88 

Conemangh.  Pennsylvania,  section  at ... .         HO 

Connellsville  sandstone 87 

CoBoquenessing  sandstones 201 

Cook  vein.  West  Virginia 171 

Copeman's  Enob,  West  Virginia,  section 

at 65 

Cove  Creek,  Wayne  County,  West  Vir^ 

glnia,  sections  on 159^166,157 

Craig,  Geo.,  record  of  boring  ftimished 

by 64 

Cxane  Creek,  Mercer  County,  West  Vlr- 

glnia,  sections  on 108^203 


Cressoi^  Pennsylvania,  seetion  at 19 

Crlnoidal  coal tm 

Crinoidal  limestone 80.01 

Cucumber  Run,  Fayette  County,  Pennsyl- 
vania, section  on Ill 

Current's   farm,  Upshur  County,  West 

Virginia,  secUoB  at U8 


Dickinson  Salt  Works,  West  Vitginlft, 

0ea4onat 138 

Donbleday,  Mr.,  section  famished  by  ...         114 
Dunbar  Creek,  Fayette  County,  Pennsyl- 
vania, section  at 74 

Dunkard  coal 33-34 

Dunkard  Creek  beds,  fossils  of 41-41 

Dunkard  Creek,  Greene  County,  Pennayl- 

vania.  section  on C 

Dunkard  Creek  series 1»,S0-4S 

highest  beds  of 80 

age  of 41-42 

Dunkard  Creek  series.    Sm  Permo-Car- 
boniferous. 


Eagle  limestone 141,177 

Eagle,  West  Virginia,  section  at 116 

Bast  Brsdy,  Pennsylvania,  section  at 101 

Edwards.  W.a,  sections  fdmiehed  by. ..  136,199 
Elk  County,  Pennsylvania,  sections  in  ..  lOi.  183 

Blk  Lick  coal 89-00 

Elk  Lick  limestone 00 

Blk  River  series TO-88 

Elk    River,  West  Virginia,   section   a* 

month  of IM 

Bpler  oil  boring.    Washington    Coontj, 

Ohio,  section  at ^ 191 


Fairfkx,  Knob,  West  Virginia,  section  at.  69 

section  near 82 

Fall  Brook,  Pennsylvania,  section  at. ... .  103 

Farmington.  West  Virginia,  seoUon  at. .  .  37 

section  near 181 

Fayette  County,  Pennsylvania,  sectioac 

in 44,74,114 

Fayette  County,  West  Virginia 176,  ir 

Federal  Creek,  Ohio,  section  at 67     i 

Ferriferous  limestone 173-171 

Fire  Creek  coal 308 

Fish  Creek  ssnilKt.ire 31 

Fishing  Creek,   Wetsel    Coauty,   Weat 

Virginia.  iMMition  oo 38 

Fishpot  limestone=Sow  ckley  limestone.  63 
Fleming,  Cochran,  records  of  borings  fur- 
nished by  73,112 

Flipping  Creek,  West  Virginia,  section  on         304 
Fontaiub.  W.  M.,  formation  named  by. ...  I7f 

Foasil  horizons  and  localities 31, 34, 35. 8T.  38. 

41, 43, 57, 50. 60, 62. 70. 90-01,  M, 
07.  08,  159, 163, 169. 177. 179-180 

Fossils  of  the  Upper  Coal  Measures 69 

Fossil  plant  horizons  and  localities  ..  84,96^37,3^ 
41, 43, 57, 97, 160^  179-491^  »9 
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Fox  Township,  Blk  Comity,  Peonsylra- 

nia,  aeoUon  in 182 

FreeportooalB « 100-101 

Frooport  limestone «....        163 

Freeporti  PennaylTaoift,  section  st Ill 

Preeport  sandstone 163-164 

Fnltoo,  JohD,  sections  f^ven  by 118, 122 

Pnlton  vein,  Pennsylvania  =>  Lower  Kit> 

tanningooal 160 

e. 

GalUtein  coal=Mahonin£  coal  (f) M 

€l«Uitsin,  PennsylTsnia,  sections  near —  148-148 
Gas  (Datnral)  first  nsed  formannfisotnring 
purposes  at  Burning  Spring,  West 

VlrginU •..  106 

OHIm^  sandstone = Browntown  sandstone  68 

Gilmer  County,  West  Virginia,  seotioa  in.  58 

Gifanore  sandstone 81 

Gladden's  Bun,  Pennsylyanls,  section  on.  186 

Gr&y  Ore,  Ohio 178 

''Great"  Conglom crate =Pott8ville  Con- 
glomerate   170 

«*  Great  "limestone 60-60 

Greene  County,  Pennsylvania,  sections 

in 22,23,H« 

Green  FossHlferous  limestone 00-01 

Gnemsey  County,  Ohio,  section  in 83 

Gayandotte  Mountain,  West  Virginia,  sec* 

tionat 148 

Gayandotte  Btver,  West  Virginia)  sec- 

tionson 166)204 

H. 
Backer's  Valley  post-office,   West  Vii^ 

ginia,  section  at 168 

Haggerty,  John,  sections  famished  by  .. .  106-106 

Banging  Bock,  Ohio,  section  at 108 

Barrison  County,  Ohio,  section  in 68 

BaiTison  County,  West  Virginia,  sectfons 

in 48,40.120,180 

Bartford  City,  WestVirginia,  section  at. .  63-54 
Bartley's  bank,  near  Masontown,  West 

Virginia,  section  at 150 

Bobson  coal  =  Washington  coal 87 

Booking  Valley,  Ohio,  sections  in 188, 168 

Bog  Hollow  coal = Middle   Kittanning 

coal 166 

Bony  Biver,  West  Virginia,  section  on . . .  153 

Bolmes  County,  Ohio,  section  in 101 

Bomewood  sandstone 100 

Borton  Township,  Elk  County,  Pennsyl- 
vania, section  at 104 

Bostettercoal 83 

Botohkiss,  Jed,  section  given  by 204 

Boatsdale,  Pennsylvania,  section  near. . .  124 

BukiU,  B.  M.,  section  ftamished  by 113 

Bantingdon  County,  Pennsylvania,  sec- 
tions in  125,185 

Bnntington,  West  Virginia,  sections  at . .  66, 84 

seottonnear 166 

I. 

lodiana  County,  Pennsylvania,  sections  in        115 
Irondale  lidiestone  and  ore 05 

BuU.  66 U 


Page. 
Iron  ore  In  the  Upper  Coal  Measures  —  57-68 
Ironton,  Ohio,  sections  near 186 

J. 

Jackson  County,  Ohio,  section  In 108 

Jackson  Furnace,  Jsckson  County,  OhiO) 

section  near 103 

Jackson,  T.  M. ,  sections  IVimished  by ... .  120. 180 
Jackson    Township,    Cambria   County, 

Pennsylvania,  section  in 110 

Jefferson  County,  Ohio,  section  in 68 

Jefferson  County,  Pennsylvania,  section 

in 188 

Johnston,  John  L.,  section  Aovnished  by . .  40 

Johnstown  (Cement)  limestone 16S-166 

Johnstown,  Pennsylvania)  section  at 1 18 

Jollytown  coal 84 

JoUytown  limestone 84 

Jordan,  CoL,  record  of  boring  near  Cluo'lea- 

ton.  West  Virginia,  ftimished  by..  '  1^7 


Kanawha  Black  Flint 08 

Kanawha  County,  West  Virginia,  sections 

in 86,186,138,162,106,106 

Karthaus, Pennsylvania, section  near....  108 

Kellersburgh,  Pennsylvania,  section  at . .  •  184 

Kenova,  West  Virginia,  section  near 158 

Kittanning  coals 164-165, 160-167, 160-170 

Kittanning  fire  clay 171 

EJttanning,  Pennsylvania,  section  near. . .  100 

Kittanning  sandstone 172 

L. 

Laughlintown,  Pennsylvania,  section  near  116 
Laurel  Bun,  Westmoreland  County,  Penn- 
sylvania, section  on 116 

Lawrence  County,  Kentucky,  sections  in  144, 145 

162-168, 104 
Leading  Creek,  Gilmer  County,  West  Vir- 

ginia,  section  on 53 

Letonia,  Ohio,  section  near 182 

Lesley,   J.   P.,  Pottsville  conglomerate 

named  by 170 

X>wis  County,  West  Virginia,  section  in .  153 
Liberty  Township,  Washington  County, 

Ohio,  section  at 20 

Lick  Bun,  West  Virginia,  section  at  mouth 

of 137 

Ligonier,  Pennsylvania,  section  at 0      75 

Limestone  Hill,  West  Virginia,  exposure 

of  limestone  at 88 

Limestone  ore,  Ohio 178 

Linton,  Prot,  sections  given  by 118,185 

Little  Beaver  Creek,  Pennsylvania,  sec- 
tion at  mouth, of 180 

Little  Clarksburgh  coal 88 

Little  Falls,  West  Virginia,  section  at ... .  80 
Little  Kanawha  Biver,  West  Virginia, 

section  on 168 

Little  Laurel  Creek,  West  Virginia,  sec- 
tion on 156 

Little  Pittsburgh  coal 
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68 


Ltttie  WMhliifftoii  ooal 

Little  WaynMbarg  oofti 

Lloyd  Wamsley**  bftok,  XTpchnr  County,     « 

West  Virginia,  Mctioiiftl.. 181 

Lookport,  PennsylTMila,  section  near 115 

Lognnsport,  Pennty  ItmiIa,  Motion  nt 110 

LogM  Gounly,  Weet  Virginint  eecUon  in.  147 

LoT^y,  B.,  aections  in  Ohio  fimiehed  by  .      60^  67 
Lower  Cambridge  limestone=Braah  Creek 

limeatone 88 

Lower     Cambridge     limestone=Pbi]son 

limestone 04 

Lower  CarbonifBnma  beds 206 

Lower  Coal  Measnres 19,89-178 

Lower  Coal  Measures,  table  showing  strata 

of 101 

X^wer  Freeport  coal 180-101 

Lower  Freeport  limestone 168 

Lower  Freeport  sandstone 163-164 

Lower  Kittanning  coal 169-170 


^..  96 

ICahoBing  County,  Ohio,  section  in 191 

Mahoning  limestone 96-97 

Mahoning  RlTer,  Ohio,  sectioo  on 191 

Mahoning  sandstones 96-96,97 

Maiden.  West  Virginia,  section  near 188 

M^le  Swamp  water  tank,  West  Vii^nia 

Central  R.  R.,  section  at 1S7 

Mapletowncoal=Sewickley  ooal 61 

Marietto  sandstones 86-86 

Marlon  County,  West  Virginia,  sections 

in 37,48,129,189 

Marshall  County,  West  Virginia,  sections 

in 26.26 

Martin  County.  Kentucky,  section  in 146 

Mason  County,  West  Virginia,  sections  in .  64 

Masontown,  West  Virginia,  coal  bed  at. .  94 

Masontown,  West  Virginia,  section  near.  160 
MassiUon  sandstone  =  Connoquenessing 

sandstones  in  part 201 

Manch  Chunk  red  shale,  geologic  place  of.  19 

McCoy   shaft,   near  Oallitsin,    Cambria 

County,  Pennsylvania,  section  at.  148-148 

188 


808 


184 


114 


McCuneville,  Ohio,  section  near. 
McDowell  County,  West  Virginia,  section 

in 

Meeker's  Run,  Athens  County,  Ohio,  sec* 

tionon 

Mehaffey,  J.  ▲.,  section  on  Beaver  Run, 

Pennsylvania,  given  by 

Meigs  County,  Ohio,  sections  in 68, 66 

Meigs  Creek  coal  =  8e  wiokley  coal 61 

MeroerCounty,  Pennsylvania,  sectionsin.         180 
Meroer  County,  West  Virginia^  sections 

in 198,203,204 

Meroer  group 200-201 

Middle  Oannelton  ooal....: 97 

Middle  Freeport  ooal 160 

Middle  Kittanning  coal 166-167 

Miller's  Eddy,  Pennsylvania,  section  at. .         106 
Mineral  County,  West  Virginia,  sections 

in 128,127.186 

MlnshaU.  F.  W..  seoUons  furnished  by. .  29, 

62,88,192 


n 


79 

13 

SI 

n 


lai 


Ui 


Moatsvllle,  Barbour  County,  West  Vir- 
ginia, section  at IS 

Monongalia  County,  West  Virginia,  see- 

tionsin  ....^ 88, 41^  47. 79, 8D 

Monongahela  River  series 

Morgantown  sandstone 

Morgantown,  West  Virginia,  seetton  at .. 

Morrisdale,  Pennsylvania,  section  near.. 

Moundsville,  West  Virginia,  aectlon  at... 

Mountain  limestone,  geologic  plaoe  of.... 

Mount  Equity  mine,  Bedford  County, 
Pennsylvania 

Mount  Morris  limestone..... 

Mount  Vernon  furnace,  Ohio,  seotion  Bear 

Mumble>the-Peg  Creek,  Nicholas  County, 
West  Virginia,  section  on 

Murraysville,     Pennsylvaaia,     seotioss 

at 114.18fr-lB 

Muskingum  County,  Ohio,  section  in  ....         131 


Natural  gas  first  used  fior  manufhctoriag 
purposes  at  Burning  Spring.  West 

Virginia Of 

KelsonviQe,  Ohio,  eeotioii  near 131 

New  Bethlehem,  Pennsylvania,  seotion  at.  Kt 

Kewburg,  West  Virginia,  seotioM  at . ...  «, ». 

1I7.1«7,17I 

Kew  Lisbon,  Ohio,  section  near IS 

Kew  Martinsville,  West  Virginia,  aeetion 

at « 

New  River  coal  group.*. 288-201 

New  Straitsville,  Ohio,  sectioa  at 168 

Nicholas  County,  West  Virgfnia,  sectioBa 

in 118,164 

Nineveh  coal 31 

Nineveh  limestone 88-31 

Nineveh  sandstone 33 

Nuttallburg,  West  Virginia,  section  at. ..  187 
Nusuuf  8  Mill,  Marion  County.  We«t  Vlrw 

ginia,  section  at 19 


Oceana,  West  Virginia,  section  at 14S 

Ohio  County,  West  Virginia,  sections  la..    68,131 

Ohio  Creological  Survey  reports  cited 28^61, 

67, 68, 182, 184. 186, 161, 16M68, 178L 191,  lit 
Old  Peach  Orchard,  Lawrenoe  County, 

Kentucky,  sectiaii  at 1«  , 

OUphant,  F.  H..  record  of  borings  girea 

by 144. 145^  IM 

Ore  Hill  fomaoe,  section  near Iff?, 

Orton,  Edward,  strata  named  by 9 

beds  of  lower  ooal  measures  taoed 

acrossOhioby Wk 

dted  on  snbdiyision  of   FtorrlfiBtona 

limestone  in  Ohio Ifit 

sections  given  by 184,138 

dted  on  Ohio  eqiutvalent  of  Upper 

Kittaning iK 

cited  on  Ohio  ooal  beda ISE 

dted  on  geologic  equivalent  of  Upper 

Kittanning  in  Ohio 

dted  on  Middle  Kittanning  ooal  In 

Ohio 

geologic  identiflcatians  by. .... . «».  ..        IV 
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PtoiifherH3n,0ldo.M0tkniat IM 

Ptrkenburg,  Wevt  YirgiiiU,  •eotions  at. .  180, 102 
Panons,  JamM,  teotiou  faniiahecl  by  —  187 
Paiton  station.  Clarion  Coanty,  Pennayl- 

Taaia 188 

Peaoh  Orchard  coal,  geologic  plaoe  of  —  140 
Pennaylvania  Oeologieal  Sarvey  reports 

oited.29. 81, 37, 42. 44. 08,  74, 03,  94, 108, 104, 

105^  100, 107. 108;  lie,  120. 121, 122.  m,  135, 

126^  149, 100, 178,182,188, 184. 185, 189, 190,905 
Penno-Carboniferoos  or  Dunkard  Creek 

series 19.20-42 

age  of 41-42 

Perry  Coanty,  Ohio,  sections  in 188, 108 

Phili9pi,West  Virginia,  section  at 181 

Philaon    limestone  =  Lower  Cambridge 

limestone 94 

Piedmont,  West  Virginia,  sections  at 130.186 

Pine  Creek  limestone 98 

Pinkerton  Point.  Pennsylvania,  section  at  191 
Pipe  Creek,  Beloiont  County,  Ohio,  sec- 

tloDat 51 

Pittsbnr^coal 68-04 

Pittsburgh  coal  iron  ores 86 

Pittsbnrgh  limestones 87 

Pittsborgh,  Pennsylvania,  section  at  —         184 

Pittsborgh  region,  section  in 72 

Plttsbor^  sandstone 63 

Plant  horisona  and  locaUties,  34,  85^  37,  88.  41,  42, 
57,97,169,179-180,205 

Piatt,  Franklin,  strata  named  by 90 

geologic  identifications  by 91 

sections  given  by 108,120,121,122 

Piatt,  Messrs.,  strata  named  I9 68 

section  famished  by 78 

geologic  identifications  by 89^104 

cited  on  geologic  plaoe  of  Johnstown 

Cement  limestone 100 

Piatt.  WnL  O.,  sections  given  by.  .104, 108;  110. 184 
Pocahontas,  West  Virginia,  section  near.         908 

Pocono  sandstone,  geologic  place  of 19 

Pomeroy,  Heig^  Coanty.  Ohio,  section  at  66 

Porter's  (Qreene),  Twelve  Pole  Creek, 

West  Virginia,  sectiol  at 158 

Posten's  bank,  near  Masontown,  West 

Virginia,  section  near 150 

Pottsville  Conglomerate  series 19, 179-205 

Pottsville  series,  strnctore  of 199 

Powell  Mountain,  West  Virginia,  section 

at 158 

Preston  Coanty.  West  Virginia,  sections  in         65 

117,150,167,170,188 

Putnam  County,  West  Virginia,sectlons  in     55^  56 

PutD^yviDe,  Pennsylvania,  section  at ....        108 

Q. 

Qoakertown,  Ohio,  section  near 191 

Quakertown  coal 201 

Quinnlmont  coal 208 

B. 
BalelghCounty,  West  Virginia,  section  in        142 
Bandolph  County,  West  Virginia,  section 

in 161 


Page. 

Baymond  City,  Weal  Virginia 56 

Bedstoneooal 62 

Bedstone  limestone '  62-68 

Bed  shale  beds 92 

Bice's  Landing,  Pennsylvania,  section  at.  45 

Bichmond,  Pennsylvania,  section  near. . .  115 

"Bidge  "  limestone,  West  Virginia 8S 

Bitohie  County,  West  Virginia,  section  in  159 

Bearing  Creek  coal  vein.  West  Virginia.  151 
Bobinson*s  Bun,  Monongalia  Coanty, 

West  Virginia,  section  at 46 

Book  Point  coslsMiddle  Kittaoning  ooal  166 

Bogers  Brothers,  strata  named  by 70 

Bogers,  H.  D.,  strata  named  by 48,59,63,147 

.section  given  by 103 

Bogers's  sabdi vision  of  the  Carboniferous  18-19 

Bowlesbnrg,  West  Virginia,  seotton  near  188 


Sawpit  branch  of  Cove  Creek.  West  Vir- 

ginia,  section  on 157 

Scioto  County,  Ohio,  sections  in 184.193 

Scott's  Bun,  Monongalia  County,  West 

Virginia,  section  at 47 

Scrub-grass  ooalsTJpper  Clarion  coal ....        175 
Selby,  A.  O.,  section  near  Hantingtoa, 

West  Virginia,  famished  by 84 

Serai  cong)omerate=:Pottsville  conglom- 
erate   179 

Sewickley  sandstone 60 

Sewiokley  coal 00-61 

Sewickley  limestone 01-62 

Sewiokley,  Pennsylvania,  seetions  at 78, 112 

Shade  Creek,  Ohio,  seotions  at 66 

Sharoncoal 202 

Sharon  conglomerate 204-205 

Shawnee  limestone = Upper  Freeport ...         159 

Shawnee,  Ohio,  section  near 188 

Shoogh's  Knob,  Greene  County,  Pennsyl- 
vania, highest  Dunkard  beds  at. .         180 
Shoup's  Bun,  Huntingdon  County,  Penn- 
sylvania, section  at 135 

Shumard,  Q.F.t  section  ftimished  by  ... .         145 

Simmons  Creek,  West  Virginia 203 

Simpson  well,  Wirt  County,  West  Vir- 
ginia, section 192 

Sims,  H.N.,  section  given  by 125 

Somerset  Coanty,  Pennsylvania,  sections 

iA 121,186 

South  Blk  Horn  Creek,  Weet  Virginia, 

section  on - 208 

Sprucevale,  Ohio,  section  near 181 

Steele,  John  L.,  section  furnished  by 189 

Sterling  mines  near  Houtadale,  Pennsyl- 
vania, section  at 124 

SteubenvUle,  Ohio,  section  at 77 

Stevenson.  John  J.,  strata  named  1^ 81,82,88 

84.86,37,89.59.62,88.98 

sections  given  by 44.68,74,U6,]16.14«,159 

Stevenson,  Wm.  S.,  sections  given  by . .  .78, 159, 180 
Stone  Coal  Bun,  TTpshur  Coanty,  West 

Virginia,  section  at 151 

Stony  Creek,  Somerset  County,  Pennsji- 

vania.  section  on in 
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Strood  Craek.  WmI  VlrglDU,  aMtUmon. .  IM 
Sugar  Camp  floUow/WMt  Virginia,  seo- 

tfonia 167 

SnminH  UmeslOBaaBMabooing  noieatoiia.  H,  97 

8anmitlimMtoBe«irpp«rFr«eport IW 

T. 

TaylflrCoimty.Wevt  Tlrgfaia,  MOtlonain.  IM,  18i 
TaylorttowB,  PennaylTaiiiak  Motiim  near.  M 

Thomat,  WMt  Ylrginia)  teotkni  near It7 

Tioga Coonty,  PaiuiajlTania,  aeotiona  in.  102,108 

Tionesta  o<Ma= Upper  Meroerooal 200-201 

Tipton  Bon  ooala,  gedlogie  place  of. 906 

Trimbleooal •      167 

Trough  Creek,  West  Virginia,  sections  on .  157 
Tneker  County,  West  Virginia)  sections 

on 65,82,127,1«7 

Tug  Fork  ot  Big  Sandy  Biyer»  sections  on.  140, 147 
Twelre  Pole  Creek,  West  Virginia,  aeo- 

U<mson 156,158 

Tygart's  Valley  Birer,  aection  on 126 

V. 

Unieatown  coal 50 

ITnlontewn  Umestone 66 

Uniontown  sandstone 68-50 

Upper  Cannelton  coal —  07 

Upper  coal  measures  or  Monoogahela 

Biy«r  series 10^42-60 

taUeofbedaof 57 

Upper  Freeport  coal 147-148 

UppsrFreeport  limestone 156 

Upper  Freeport  sandstone 160 

Upper  Kittenaing  eoal 164 

Upahnr  County,  West  Virginia,  seotiona 

in 151,152 

V. 

Valley  Fans,  West  Virginia, section  at...        198 

W. 

Wall,  jr.  Sutton,  aaotion  near  Webster, 

PennaylTania,  ftimished  by 68 

Warfleld  ooal.  West  Virginia 171 

WarfleM,  Kentucky,  section  at 146 

Washington  *«▲**  coal 36 

Waahington  ooal 37 

Washington  County,  Oiiio,  sections  in. .  .20, 52, 102 


Washington,  County,  Pennsylvania,  seo- 
tiona in 20.45.7^113.185 

Washington  limestone 85,31 

Waahlngtoa,  Pennsylrania,  aections  at.2i,  77-71 

118,185 

Waahington  sandstone 38-30 

Wayne  County,  West  Virginia,  sections  In  .155.  ISO 

167.138 

Waynesburg  «*▲**  ooal 39 

Waynesbnrg '*  B  "  coal » 

Wayneeburg  ooal • S7 

Waynesborg  limestone 58 

Waynesburg  sandstone 46.41 

Webster  County.  Weat  Virginia,  section  in        153 

Webster.  Peunsylrania,  section  near 68 

Wellersbnrg,  PennsjlTanla,  section  near.         186 

Westemp<»t  sandstone 50 

Weller  coal  =  Crinoidal  ooal ^ 98 

Wellsburg.  West  Virginia,  section  at 190 

West  BrownsrlUe,  PennsylTania,  seetion 

at 45 

Westemport,  l£aryland,  aeotions  near.  .56. 128. 186 
Westmoreland  County.  PennsylTania.  sec- 
tions in 44,68,113,114,116^185 

West  Virginia  Central  Baiboad,  sectiooa 
on VB 


West  Virginia  and  PitUburgh  Bailroad, 

aection  on 

Wetsel  County,  West  Virginia,  sections  In 
Wheeling  Cn>ek,  PennsylTania,  section  on 

Wheeling,  West  Virginia,  sections  at 

WiUard.  B.  B..  record  of  boring  ftimished 

by 

Willey  fork  of  Fiahing  Creek,  Wetsel 

County,  Weat  Virginia,  sections  on 

Wilson's  mine,  Bandolph  County,  Weat 

Virginia,  section  at 

Windy  Gap  ooal 

Windy  Gap  limestone '. 

Wiaileld,  West  Virginia,  aection  at 

WInifrede,  West  Virginia,  aections  at ...  . 

Wirt  County,  West  Virginia,  sections  in  52, 83, 19S 

Wise,  West  Virginia,  exposure  at 34 

Wood  Connty.^VlMt  Virginia,  sections  In .  130, 192 
Wyoming  County,  West  Virginis,  sections 

in 143,204 
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Zanesrllle.  Ohio,  section  near 

Zoar  limestone = Upper  Hercer  limestone 
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